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The  environmental  fate  and  effects  of  brass  were  investigated  for  the  two  principal  routes  of 
exposure,  namely  airborne  deposition  of  brass  and  brass/fog  oil  obscurant  mixtures,  and  via  soil 
amendment  to  simulate  soil  weathering  and  potential  Impacts  from  soil  deposition.  Aerosols 
containing  brass  were  generated  and  characterized,  and  deposition  to  both  t-  iar  surfaces  and 
soils  was  determined.  Impacts  of  deposited  brass  were  assessed  on  the  basis  of  both  contact 
toxicity  and  plant  absorption  from  soils.  Soil  amendment  studies  were  performed  to  ascertain 
weathering  rates  and  the  effects  of  brass  concentration  on  both  plant  growth  and  soil  mlcrouial 
processes.  In  addition,  soli  columns  were  employed  to  determine  whether  brass  weathering 
influenced  the  migration  of  Cu  and  Zn  through  soil  profiles. 

In  these  studies,  brass  aerosol  mass  concentrations  ranged  from  132  to  177  mg/m3  during 
the  brass  only  (BR)  wind-speed  tests,  were  approximately  90  mg/m3  during  the  brass  range- 
finding  tests,  and  ranged  from  19  to  83  mg/m3  during  the  brass/fog  oil  (BR/FO)  wind-speed  tests. 
Results  of  particle  size  distributions  Indicated  an  Aerodynamic  Mass  Medlam  Diameter  (AMMD) 
for  brass  aerosols  of  about  5  to  6  pm. 

The  deposition  velocity  (Vd )  of  brass  alone  to  foliar  surfaces  Increases  with  Increasing 
wind  speed,  and  ranged  from  0.1  cm/s  at  0.9  m/s  (2  mph)  to  1 .0  cm/s  at  4.5  m/s  (10  mph). 
Interception  or  collection  efficiency  was  higher  for  sagebrush  than  for  the  other  plant  species.  The 
deposition  velocity  of  brass  delivered  as  BR/FO  aerosols  ranged  from  0.3  to  60  cm/s  for  foliar 
surfaces,  and  Is  substantially  greater  than  observed  for  brass  alone.  Deposition  to  bush  bean 
and  tall  fescue  foliage  Is  nearly  an  order  of  magnitude  less  than  for  sagebrush  and  pines.  The  co- 
deposltlon  of  the  fog  oil  to  the  leaf  surface  apparently  either  acted  to  prevent  resuspension  of  the 
deposited  brass  or  had  an  effect  on  brass  agglomeration,  Increasing  Its  effective  size  and 
deposition  rate. 

Contact  toxicity  of  brass  alone  was  not  observed  at  mass  loading  rates  of  up  to  700  pg/crrf. 
Exposure  of  plants  to  aerosols  containing  BR/FO  resulted  In  moderate  toxicity,  but  this  Is  assumed 
to  be  the  result  of  the  FO  and  not  the  brass.  Brass  deposition  to  foliage  has  only  a  short-term 
minimal  effect  on  plant  gas-exchange  processes,  and  Is  believed  to  result  from  the  shading  effect 
of  foliar  deposited  brass.  Similarly,  dry  matter  production  in  brass-contaminated  plants  Is 
reduced,  and  Is  believed  to  result  from  the  shading  effect.  No  residual  effects  of  second-harvest 
biomass  production  were  noted  following  brass  deposition,  Indicating  no  significant  weathering 
and  foliar  absorption  of  Cu  or  Zn. 

The  pH  of  soils  receiving  brass  decreased  with  increasing  amendment  level  and  time  of 
Incubation.  The  pH  of  soils  Increased  by  0.8  to  1.0  pH  units  over  the  440-day  Incubation  period. 
Selective  extractions  were  employed  to  evaluate  brass  weathering  and  to  determine  the  fate  of 
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solubilized  Cu  and  Zn.  In  general,  the  amount  of  extractable  Cu  and  Zn  In  soils  Increased  by  100 
days  post-amendment  and  changed  little  by  440  days.  In  the  Intervening  period,  weathered  Cu 
and  Zn  likely  become  tightly  sorbed  to  nonexchangeable  sites.  This  process  results  in  some 
disruption  in  the  extractable  quantities  of  other  ions  in  soil.  Most  notably,  P  decreases,  while 
ammonia  and  nitrate  concentrations  Increase;  this  likely  results  from  a  disruption  of  soil  microbial 
processes. 

Seed  germination  studies  with  bush  bean,  alfalfa,  and  tall  fescue  indicate  no  effects  of 
brass  at  any  of  the  concentrations  employed  or  after  up  to  450  days  of  weathering.  However,  after 
160  days  of  soil  incubation,  plants  developed  visual  toxicity  symptoms  which  Included  necrosis 
and  chlorosis.  Only  moderate  damage  was  noted  for  concentrations  of  500  tig  brass/g  and  less. 

In  general,  the  toxicity  of  brass,  based  on  visual  symptomology,  became  more  severe  with 
Increasing  Incubation  or  weathering  time.  Biomass  production  In  plants  reflected  the  soil 
concentration  trends  for  visual  symptoms,  In  that  severe  dry-weight  reductions  were  observed  at 
soil  concentrations  of  >500  pg  brass/g  soil.  The  concentrations  of  Cu  and  Zn  in  plant  tissues  were 
proportional  to  soil  brass  levels.  Analysis  of  the  nutrient  Ion  concentrations  of  tall  fescue  grown 
on  brass-amended  soil  showed  that  the  elevated  soil  concentrations  of  Cu  and  Zn  caused  the 
tissue  concentrations  of  Mg  and  Mn  to  increase  by  a  factor  of  2  to  3,  levels  of  Fe  to  Increase  by  a 
factor  of  7  to  100,  and  P  levels  to  decrease  by  a  factor  of  2  to  3.  This  disruption  In  Ion 
homeostasis  can  account  for  the  observed  phytotoxlclty  of  brass.  Similar  ion  imbalances  were 
not  observed  for  bush  bean. 

The  degree  of  brass  flake  Impact  on  soil  microbial  activities  was  dependent  on  soli  type, 
brass  concentration,  and  the  microbial  Index  studied.  Soils  with  higher  organic  matter  and  cation 
exchange  capacity  (CEC),  such  as  the  Clnebar  soil,  tended  to  be  less  Impacted  by  the  brass  flake 
than  soil  with  lower  organic  matter  and  CEC,  such  as  Burbank  soil.  Organic  matter  In  soils  can 
adsorb  and  bind  heavy  metals,  depending  upon  pH.  The  soil  organic  matter  also  contributes  to 
the  CEC  of  the  soil,  thereby  Influencing  the  bioavailability,  and  hence,  toxicity  of  deposited  heavy 
metals.  The  greater  the  CEC  of  the  soil,  the  greater  Is  Its  ability  to  adsorb  and  Immobilize  heavy 
metals  and  to  reduce  their  toxic  effects.  The  CEC  and  organic  matter  of  the  soils  used  In  this 
study  can  be  ranked  as  Burbank  <  Palouse  s  Palouse  +  OM  <  Clnebar.  Thus  Burbank  soil,  with 
Its  low  CEC  and  low  organic  matter  content,  was  shown  to  be  most  Impacted  by  the  brass  flake 
exposure. 

Impact  of  brass  on  soil  microbial  activities  increased  with  Increase  in  brass  concentration. 
Concentration  above  500  pg/g  caused  severe  Inhibition  of  several  soil  microbial  activities, 
especially  soil  dehydrogenase,  which  was  diminished  to  below  detection.  Soil  dehydrogenase, 
or  the  activity  of  the  soil  microbial  community  was  more  susceptible  to  the  toxicity  of  brass  flake 
than  was  soil  phosphatase  or  soil  microbial  biomass,  which  were  moderately  affected  by  the 
addition  of  brass  flake.  Soil  nitrifying  bacteria  and  total  heterotrophlc  bacteria  In  general  were  not 
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significantly  affected  by  the  brass  flake.  Among  the  soil  microbial  parameters  studied,  impact 
ranking  was  soli  dehydrogenase  activity  >  phosphatase  activity  >  microbial  biomass  >  microbial 
population  (total  heterotrophlc  and  nitrifying  bacteria)  »  microbial  species  diversity  index.  When 
soil  was  exposed  to  a  mixed  smoke  containing  brass  flake  and  fog  oil,  the  deleterious  effect  was 
less  Intense  than  in  soil  exposed  to  brass  only,  suggesting  a  beneficial  synergistic  effect  of  fog  oil. 

Brass  flake  deposited  to  soil  has  only  a  slightly  deleterious  effect  on  the  earthworms  at 
mass  loading  levels  of  >  445  ng/cm2.  Exposure  of  earthworms  to  BR/FO  aerosols  at  mass  loading 
rates  of  200  pg  brass/cm2  had  no  effect  on  survivability,  and  only  moderately  affected  tactile 
activity.  Thus  there  Is  no  indication  that  fog  oil  ameliorates  or  Intensifies  the  effects  of  brass. 

Brass  flake  was  neutron-activated  to  produce  a  65Zn  tagged  brass  and  was  applied  to 
column  surfaces  to  determine  the  mobility  of  weathered  soluble  constituents  using  Zn  as  the 
Indicator  Ion.  Based  on  analysis  of  the  Indicators  of  migration  It  Is  clear  that  appreciable 
downward  migration  of  Zn,  and  likely  Cu,  does  not  occur  to  any  great  extent  over  the  period 
employed  (440  days).  Although  slight  differences  In  migration  rates  was  noted  fo<  the  four  soils,  It 
Is  clear  that  the  CEC  of  these  soils  is  effective  in  retarding  solubilized  brass  constituents.  For 
Cinebar  soil,  leached  with  pH  6.5  versus  4.5  rainwater,  no  significant  differences  (PfcO.l)  are 
noted  In  migration;  this  likely  Indicates  that  the  added  acidity  did  not  exoeed  the  buffering  capacity 
of  the  soil. 
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1.0 


The  U.S.  Army  has  deployed  a  number  of  smokes  and  obscurants  to  visually  mask 
the  movement  of  troops  and  vehicles  during  combat.  Effective  training  scenarios  for  our 
armed  forces  require  that  troop  maneuvers  simulate,  as  closely  as  possible,  the  conditions 
most  likely  to  be  enoountered  under  live  combat  situations  (e.g.,  hardware,  weapons  fire, 
terrain,  weather,  vegetation,  and  smoke  concentrations).  Within  the  framework  of  the  training 
operations,  the  Army  has  a  regulatory  responsibility  to  ensure  that  the  use  of  smokes  and 
obscurants  does  not  adversely  affect  the  health  of  local  residents,  or  the  environment,  both 
on  and  near  the  training  sites.  The  environments  of  these  training  centers  range  from  high 
deserts  to  semltroplcal  forests,  thus  complicating  this  responsibility. 

The  Health  Effects  Research  Division  of  the  U.S.  Army  Biomedical  Research  and 
Development  Laboratory  (USABRDL)  has  been  assigned  the  responsibility  of  determining 
the  potential  environmental  effects  associated  with  using  smokes  and  obscurants  In  training 
and  testing.  As  part  of  USABRDL’a  planned  program  In  response  to  this  concern,  the 
present  study  was  designed  to  evaluate  the  transport,  the  chemical  transformation,  and  the 
terrestrial  ecological  effects  of  several  of  the  smokes  ourrently  used  In  training  throughout  the 
United  States.  The  present  study  expands  on  prior  field  studies  In  two  major  aspects.  First, 
smoke  and  obscurant  testing  Is  conducted  within  a  special  recirculating  wind  tunnel  that 
ensures  containment  of  the  smoke  and  allows  simulation  of  a  variety  of  environmental 
conditions  (i.e.,  varying  wind  speeds,  mass  loading/dose,  and  simulated  rainfall  under 
controlled  conditions  of  temperatures  and  lighting),  under  dynamic  exposure  conditions. 
Secondly,  the  use  of  controlled  and  selected  conditions  permits  elucidation  of  complex 
chemical  processes  Including  weathering  and  bioavailability  of  associated  obscurant 
contaminants. 

The  USABRDL  has  two  primary  reasons  for  evaluating  the  environmental  effects  of 
smokes/obscurants  used  during  troop  maneuvers  and  training: 

•  to  ensure  that  obscurants  do  not  permanently  change,  damage,  or  alter 
vegetation  and  soils  at  training  sites  such  that  the  sites  no  longer  simulate  a 
specific  combat  terrain 

•  to  comply  with  the  National  Environmental  Policy  Act  (NEPA),  which  requires  an 
Environmental  Assessment  be  conducted  before  smokes  and  obscurants  are 
used  during  training  missions  within  U.S.  territorial  boundaries. 


1.1 


It  should  be  noted  that  the  health  and  environmental  effects  of  Army  smokes  and 
obscurants  have  been  studied  Intensively  over  the  past  30  years;  these  research  efforts  have 
recently  been  compiled  and  reviewed  by  Shinn  et  al.  (1985).  In  general,  research  Into  the 
effects  of  obscurant  smokes  has  concentrated  on  animal  and  aquatic  toxicity,  with  relatively 
little  effort  being  expended  in  understanding  soil/plant  or  ecological  effects.  The  vast 
majority  of  the  efforts  used  direct  artificial  dosing  of  organisms  or  aqueous  amendments  of 
suspected  toxicants.  While  this  may  be  appropriate  and  necessary  In  many  Instanoes,  It  may 
not  be  appropriate  In  developing  an  understanding  of  the  potential  Impact  of  the  recurrent 
use  of  obscurant  smokes  at  heavily  uaed  training  sites,  mainly  beoause  there  Is  no 
established  correlation  between  1 )  airborne  smoke/obsourant  concentration,  deposition  on 
soils  and  plants  (duration  and  physical  parameters  affecting  deposition),  and  2)  the  ultimate 
effect,  environmental  deterioration. 

Because  the  obscurant  smokes  currently  In  the  U.S.  Army  arsenal  are  used  In  various 
combinations,  under  a  variety  of  training  sltuationa,  over  diverse  terrains  and  vegetative 
communities,  concerns  have  focused  on  potential  synerglsms  and  antagonisms  of  the 
smokes  on  local  environments.  The  fate  and  effects  of  Individual  smokes  (RP,  WP,  FO,  and 
HC),  and  smoke  combinations  (FO/HC/WP,  FO/HC  and  FO/WP)  were  Investigated  previously 
using  controlled  wind  tunnel  methodology  (Van  Vorls  et  al.  1987;  Cataldo  et  al.  1989; 

Cataldo  et  al.  1990a,  and  Cataldo  et  al.  1990b).  The  following  studies  will  desorlbe  the 
behavior  and  potential  Impacts  of  brass  and  brass/fog  oil  on  a  variety  of  environmental 
components. 

1.1  BEVIEW-QF  THE  ENVIRONMENTAL  BEHAVIOR  OF  BRASS  AND  ITS  MAJOR 

gQNSIlIUENTS.ZnANDCu 

Normal  Cu  concentrations  found  In  soils  range  from  5  to  150  ppm,  a  value  of  50  ppm 
representing  a  typical  surface  soil  (Bowen  1979).  For  Zn,  the  normal  range  Is  1 0  to  250  ppm, 
with  a  typical  value  of  about  100  ppm.  Major  natural  sources  of  Cu  are  sulfide  and  hydroxy- 
carbonate  minerals;  for  Zn,  major  sources  are  sulfide,  oxide  and  silicate  minerals  (Brady 
1974).  Both  Cu  and  Zn  are  essential  plant  mlcronutrlents  that  are  required  In  relatively 
small  amounts.  Cu  functions  during  chlorophyll  synthesis  and  carbohydrate  and  protein 
metabolism,  Is  a  catalyst  for  respiration,  and  is  an  enzyme  constituent.  Zn  Is  required  during 
formation  of  growth  hormones,  and  for  promotion  of  protein  synthesis  and  seed  production 
and  maturation.  On  a  relative  scale  of  elements  needed  by  alfalfa  at  bloom  stage,  Mo 
ranked  as  1 ;  Cu  ranks  30;  Zn  70;  Fe  300;  and  Mg  20,000  (Brady  1974).  Cu  functions  during 
chlorophyll  synthesis  and  during  carbohydrate  and  protein  metabolism,  and  It  Is  a  catalyst  for 
respiration  and  an  enzyme  constituent.  Zn  Is  required  during  the  formation  of  growth 
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hormones  and  for  promoting  protein  synthesis  and  seed-production  and  -maturation. 
Normal  levels  in  plants  are  3  to  20  ppm  Cu  and  10  to  200  ppm  Zn;  above  these  values, 
toxicity  begins  to  occur. 


Regulatory  Constraints 

EPA  water  quality  oriterla  recommendations  are  listed  In  Table  1 .1 .  Both  Cu  and  Zn 
freshwater  toxicity  are  dependent  on  water  hardness;  values  listed  are  for  100  mg/L 
hardness  rating  (EPA  1987).  Typical  concentrations  In  U.S.  water  supplies  are  0  to  600  ppb 
Cu  and  60  to7000  ppb,  respectively  (Rubin  1974).  No  contaminant  limits  have  been 
established  for  soils  because  of  the  wide  range  of  endogenous  soil  concentrations  based  on 
soil  origin,  and  the  wide  range  of  soil  sorptive  oapaoities.  Thus,  the  rates  of  brass 
weathering  and  solubilization  In  soils,  the  Impact  of  these  prooesses  on  the  migration  of  Cu 
and  Zn  to  surface  waters,  and  the  levels  at  whioh  adverse  blotto  effects  are  noted,  become 
Important  In  setting  guidelines  for  training  Installations. 


TABLE  1.1.  WATER  QUALITY  CRITERIA  FOR  Cu  AND  Zn 


Water 

Conditions 

Cu 

Zn 

(ngram/L) 

Fresh,  acute  W 

18 

1 20<b>  320<c> 

Fresh,  chronlo  (a) 

12 

11 0<b> 

Marine,  acute 

2.9 

96 

Marine,  chronic 

2.9 

86 

Drinking  Water 

1000 

5000 

In  100  mg/L  water  hardnaaa  at  CaC03, 

®  Value  stated  on  wall  chan  distributed  by  EPA  baiad  on  EPA  440/5-86-001 . 

(°)  Value  In  text  of  EPA  440/5-88-001 . 

For  taste  and  odor  quality  only;  Ineutflolent  data  for  determination  of  potential  toxicity  to  humani. 


The  composition  of  brass  flake  used  by  the  military  Is  nominally  70%  Cu,  30%  Zn,  and 
1%  minor  trace  metals.  A  trace  amount  of  stearic  or  palmitic  add  Is  used  as  a  coating. 
Particle  size  Is  reported  as  1 .7  micron  diameter,  with  thickness  of  0.08-0.32  microns  (Wentsel 
et  al.  1986a,  and  others).  Although  Cd  Is  a  common  impurity  In  Zn  (Rubin  1974),  Initial 
dissolution  of  brass  flakes  at  PNL  did  not  reveal  detectable  levels.  Nevertheless,  the 
preferred  analysis  method  inductively  coupled  argon  plasma  emission  spectroscopy  (ICAP) 
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for  the  proposed  studies  wlil  allow  for  simultaneous  monitoring  for  all  the  metal  components 
of  Interest  (Cu,  Zn,  Fe,  Al,  Cd). 
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Because  of  their  mlcronutrlent  status,  both  Cu  and  Zn  sorption  by  soil  and  plant 
availability  have  bran  extensively  studied,  Generally,  decreasing  pH  results  in  increased 
plant  availability  or  Zn,  but  had  no  correlation  with  Cu  availability.  The  difference  was 
attributed  partially  to  the  marked  selectivity  of  certain  cation-exchange  sites  for  small 
quantities  of  Cu  (Black  1968).  At  high  pH  values,  excess  Cu  would  be  removed  by 
mineralization.  Organic  matter  Is  a  well-known  sink  for  Cu,  particularly  In  coarse-textured 
soils,  as  demonstrated  In  a  recent  study  (Sims  1 987).  In  this  study,  Cu  occluded  to  Fe-oxldes 
was  a  secondary  reservoir  of  soil  Cu.  Zn  availability  for  plant  uptake  could  be  correlated  to 
the  exchangeable  fraotlona  In  a  selective  extraction  procedure;  however  correlation  of 
availability  of  Cu  with  pH  or  soil  properties  was  shown  to  be  much  poorer. 

Most  studies  of  Cu  and  Zn  amendment  to  soils  are  based  on  addition  of  the  trace 
elements  either  In  fertilizer  or  In  sewage  sludges  or  other  complex  Industrial  wastes.  In 
oontrast,  the  brass  weathering  studies  described  here  provided  controlled  matrix  conditions 
(soli  pH,  organic  matter  amendment,  pH  of  Irrigating  waster,  eto.)  required  for  correlating 
resultant  effoots  of  mobilized  Cu  and  Zn  on  mloroblal  systems  and  plant  uptake. 

A  review  of  the  literature  related  to  the  environmental  fate  and  effects  of  brass  at 
training  and  testing  facilities  failed  to  produce  any  data  related  to  the  airborne  deposition 
and  Impacts  of  brass.  However,  a  series  of  CRDEC  publications  (Wentsel  1986;  Wentsel  et 
al.  1986a,  1986b;  Wentsel  and  Quelta  1986a,  1986b)  have  addressed  the  effects  and  fate  of 
brass  materiel  amended  to  soils  and  and  their  Impacts  on  vegetation.  In  general,  effects  for 
both  terrestrial  and  aquatic  systems  have  shown  that  the  weathering  of  the  submlcron  flakes, 
and  release  of  soluble  Cu  and  Zn,  which  comprise  99%  of  the  brass  mass  (70  and  30%  for 
Cu  and  Zn,  respectively),  account  for  the  observed  biotoxicity  and  mobility  of  soluble  Cu  and 
Zn  In  soils. 

Soils  amended  with  20  mg  brass/g  soil,  and  weathered  for  up  to  8-months  showed 
solubilization  and  soil  mobility  of  bloavailable  forms  of  Cu  and  Zn  (Wentsel  and  Quelta 
1986a)  to  be  dependent  on  soil  characteristics.  Low  CEC  (cation  exchange  capacity),  pH 
4.6  soils  having  1 .3%  organic  matter  (OM)  showed  extractable  Cu  to  be  elevated  by  2  to 
14%,  and  Zn  by  10%,  after  8-months  of  Incubation.  In  soils  having  a  similar  pH,  but  higher 
CEC  and  OM  (3.6%),  substantially  less  solubilization  and  downward  mobility  of  Cu  and  Zn 


was  observed.  Thus,  the  solubility  and  mobility  (weathering)  of  Cu  and  Zn  Is  Influenced  by 
pH,  CEC,  and  OM  content  of  soils.  A  need  exists  to  evaluate  a  wider  range  In  soil  type,  with 
particular  emphasis  on  pH  and  OM  content. 

Biotic  Effects  of  Brass.  Cooper,  and  Zinc 

Plant  Effects.  The  severity  of  observed  plant  effects  will  also  be  affected  by  which 
variety  and/or  species  of  plants  exposed  to  plant  available  forms  of  the  materials.  Bowen 
(1 987)  has  reported  significant  differences  In  the  ability  of  the  roots  of  different  species  such 
as  rice  and  tomato  to  accumulate  Cu  and  Zn  from  solution  cultures  with  even  larger 
differences  evident  between  different  cultivars  of  each  species.  When  he  applied  the 
material  to  the  leaf  blades,  however,  no  differences  were  evident  between  the  two  oultlvars  of 
either  species,  perhaps  Indicating  a  more  mobile  form  of  the  Ions  may  be  produced  In  the 
roots.  The  Ions  are  freely  mobile  within  the  plant  and  In  some  species  such  as  cattail 
(lypha  latlfolla)  preferentially  accumulate  In  the  shoot  when  exposed  to  elevated  levels  In 
the  soil  (Babcock  et  at.  1983). 

Recent  work  Indicates  that  the  majority  of  Cu  and  Zn  In  the  plant  Is  In  a  conjugated, 
organic  ligand  form  (Reese  and  Wagner  1987).  Mullens  et  al.  (1986)  have  reported  that  Cu 
and  Zn  were  transported  In  the  xylem  and  phloem  In  the  forms  of  Cu-glutamlne  and  2n- 
alanine  with  less  than  1%  as  the  free  Ion.  Once  within  the  plant  cell,  they  are  reported  to  be 
frequently  bound  to  phytochelatins,  another  group  of  heavy- metal-binding  peptides  whose 
speclflo  function  is  to  accumulate,  detoxify,  and  metabolize  of  the  metals  (Grill  et  al.  1987). 
Within  the  plant  cell  Cu  Is  associated  metabollcally  with  such  metalloenzymes  as  diamine 
oxidase,  polyphenyl  oxidases,  and  cytochrome  C  oxidases  (Delhaize  et  al.  1986),  while  Zn 
Is  reported  to  be  associated  with  over  80  other  metalloenzymes  (Vallee  1976). 

Toxic  levels  of  these  metals  are  generally  reported  to  Induce  chlorosis,  depression  of 
photosynthesis  and  respiration,  and  inhibition  of  root  growth  particularly  with  Cu  (Foy  et  al. 
1978).  These  Investigators  also  report  that  Cu  Induces  Fe  deficiency  by  Inhibiting  the 
translocation  of  Fe  from  roots  to  tops  (Foy  et  al.  1978). 

The  two  metals  also  may  have  a  toxic  synergistic  Interaction.  Excess  Cu  or  Zn  (42 
ug/g)  reduced  yields  In  bush  bean  by  6%  and  17%  respectively  when  applied  singly  In 
nutrient  culture  while  a  combination  of  both  reduced  yield  by  38%  (Wallace  and  Berry  1983). 
More  recently,  it  has  been  shown  that  both  metals  can  inhibit  various  portions  of 
phytosynthetic  electron  transport.  In  cyanobacteria,  elevated  levels  of  Cu  apparently  affect 
the  cytochromes  between  PS  I  and  II  In  the  chloroplast  electron-transport  chain,  while  Zn 
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affected  the  electron  donor  sites  between  H2O2  and  ascorbate  on  the  oxidizing  side  of  PS  II, 
(Singh  and  Singh  1987).  Similar  responses  may  also  occur  In  higher  plants. 


Wentsel  et  al.  (1986b)  evaluated  plant  effects  of  brass  flake  amended  to  soils  at  levels 
of  0  to  1600  pg  brass/g.  In  general,  plant  effects  were  observed  for  acidic,  low  CEC  and 
-OM  soils  at  levels  as  low  as  60  ppm.  Effects  appear  to  be  dependent  not  only  on 
solubilization  rates  for  brass,  but  also  the  capacity  of  soils  to  fix  or  Insolublllze  Cu  and 
possible  Zn.  These  studies  Inherently  need  to  resolve  short-term  Impacts  from  longer-term 
weathering  processes  and  subsequent  soil  mobility.  Also,  no  data  was  available  with 
respect  to  subtoxlo  bloaccumulatlon  of  Cu  and  Zn  Into  tissues,  which  Is  Important  in 
assessing  food  chain  transfer  of  potentially  toxic  contaminants  such  as  Cu. 

Soli  Microbiology.  While  numerous  studies  have  examined  the  effects  of  heavy 
metals  on  soil  biotic  processes,  studies  on  the  fate  and  effects  of  brass  are  limited.  In  one 
series  of  studies  {Tyler  1974, 1981)  soil  respiration  and  phosphatase  activity  decreased  in 
soils  containing  higher  soluble  Cu  and  Zn  levels  from  a  brass  foundry.  As  the  Cu  and  Zn 
concentrations  In  the  soils  Increased,  soil  microbial  activity  decreased.  Soluble 
concentrations  of  Cu  and  Zn  3  or  4  times  background  levels  were  sufficient  to  decrease  soil 
phosphatase  activity.  Numerous  papers  dlsouss  the  effects  on  soil  microbial  processes  of 
Cu  and  Zn  by  themselves  or  In  combinations  with  other  metals.  Lower  soli  dehydrogenase 
activities  (7%  of  the  oontrol)  were  found  near  an  abandoned  zlno  smelter.  Drucker  et  al. 
(1979)  noted  a  decrease  In  soil  respiration  rate  and  number  of  aerobic  bacteria  at  soluble 
Cu  concentrations  of  10  pg/g  soil,  while  Zn  had  no  effect  on  soil  respiration  rate  but  did 
decrease  aerobic  bacterial  numbers  at  100  ixg/g  soil.  Rogers  and  Li  (1985),  using  both  soli 
amended  with  alfalfa  and  unamended  soil,  found  the  concentrations  of  Cu  and  Zn  which 
resulted  In  a  50%  reduction  In  soil  dehydrogenase  activity  to  be  29  and  177  pg/g  for  Cu  and 
Zn  respectively,  In  the  amended  soil,  and  53  and  348  pg/g  for  Cu  and  Zn  respectively,  In  the 
unamended  soil.  In  this  short-term  Incubation,  the  alfalfa  Increased  microbial  activity  and 
may  have  decreased  soluble  metal  concentration. 

Long  term  incubations  with  alfalfa  In  the  soils  would  increase  brass  weathering  by 
increasing  microbial  activity,  which  would  Increase  soluble  Cu  and  Zn  concentrations  in  the 
soil  solution.  Increased  concentrations  of  Cu  and  Zn  may  reduce  the  diversity  of  the 
microorganisms  present  and  lead  to  the  selection  of  metal  resistant  strains  (Tyler  1981). 

Soli  Invertebrates.  The  effects  of  soli  amended  brass  on  earthworm  survival  and 
behavior  was  Investigated  by  Wentsel  and  Quetta  (1986b).  Using  a  standard  14-day  acute 
toxicity  test,  the  LC50  for  brass  powder  was  found  to  be  120  to  200  pg/g  soil.  Sublethal 
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effects  on  earthworms,  as  measured  by  weight  loss,  were  evident  at  soli  concentrations  of 
120  pg/g.  The  highest  concentration  where  no  weight  loss  was  observed  was  at  83  pg/g. 

The  completeness  of  these  data  will  obviate  any  further  need  for  analysis  of  earthworm 
effects  of  brass.  However,  the  relative  toxicity  thresholds  of  soluble  Cu  and  Zn  solubilized 
from  brass  In  a  wider  range  of  soil  types  may  need  to  be  assessed. 

Belated  Behavior.  Although  the  aquatic  fate  of  brass  materiel  is  outside  the  scope  of 
the  present  project,  aspects  of  chemical  behavloi  In  aqueous  systems  are  pertinent  to  soil 
systems.  In  aqueous  systems,  the  solubility  of  cations  such  as  Cu  depends  on  the  rates  of 
formation  of  ionlo  species  and  insoluble  Inorganic  salts  and  to  a  large  extent  on  the 
formation  of  stable  organic  complexes  with  Cu.  For  neutral  to  basic  natural  waters  with  low 
OM,  hydrolysis  and  precipitation  reactions  Involving  carbonates  should  dominate.  Increasing 
water  hardness  also  results  In  decreasing  toxicity,  since  the  carbonate  complex  tends  to  be 
less  toxic  (EPA  1987).  This  behavior  becomes  Important  for  soil  systems,  from  the  standpoint 
of  solubilization,  or  insolubillzatlon,  since  significant  differences  In  weathering  rates  should 
occur  for  calcareous  vs.  non-calcareous  soils.  The  data  of  Wentsel  (1G36)  clearly  show  the 
Inverse  relationship  between  water  hardness  (CaC03)  and  the  relative  rates  of  Cu  and  Zn 
solubilization  from  brass  flakes,  dissolution  as  Ionic  species,  and  subsequent  competition 
between  solution  stabilization  (by  complexation  or  chelation)  and  sorptlon/preclpitatlon.  In 
the  case  of  Cu,  organic  matter  Is  a  primary  complexant,  causing  increased  or  decreased 
solubility,  depending  on  the  strengths  of  the  competing  sites.  For  neutral  to  basic  natural 
waters  with  low  OM,  hydrolysis  and  precipitation  reactions  involving  carbonates  should 
dominate. 

1-2  PROJECT  OBJECTIVES 

The  primary  objectives  of  this  study  is  to  characterize  the  fate  of  aerosol  and 
deposited  brass  material  currently  in  Inventory  and  to  assess  the  response  of  soil  and  biotic 
components  of  the  terrestrial  environment.  The  physical,  chemical,  and  biotic  aspects  to  be 
Investigated  will  include: 

1)  alr/surface  deposition  rates  measured  by  deposition  velocities  In 
an  environmental  wind  tunnel; 

2)  foliar-contact  toxicity  using  five  different  types  of  terrestrial  vegetation 
representative  of  Army  training  sites  and  surrounding  environments; 

3)  weathering  and  chemistry  of  brass  aerosols  deposited  and  amended  to  soils, 
and  impacts  of  acid  preclpitatl  i  and  moisture  regimes  on  weathering  rates; 
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4)  the  influence  of  soil  weathering  processes  on  seed  germination  and  plant 
availability  of  Cu  and  Zn;  and 

5)  the  influence  of  weathering  and  contaminant  solubilization  on  soil 
microbiological  communities  and  invertebrates  associated  with  soils. 
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Tests  of  brass  (BR)  and  brass  mixed  with  fog  oil  (BR/FO)  aerosols  were  conducted 
using  the  Aerosol  Wind  Tunnel  Research  Facility.  The  wind  tunnel  facility,  operated  by  Pacific 
Northwest  Laboratory  (PNL)  and  located  on  the  U.S.  Department  of  Energy's  (DOE’S)  Hanford 
Site  in  southeastern  Washington,  contains  an  environmental  wind  tunnel  suitable  for  testing 
obscurant  smoke  under  a  variety  of  environmental  conditions.  The  facility,  shown  In  Figure  2.1, 
and  supporting  laboratories  are  used  for  research  Involving  the  generation,  transport,  deposi¬ 
tion,  and  characterization  of  aerosols  and  gases  In  complex  atmospheric  environments.  A 
detailed  description  of  the  wind  tunnel  Is  provided  In  Section  2.1.  Additional  Information  can 
be  found  In  Van  Vorls  et  al.  (1987),  Cataldo  et  al.  (1989),  and  Llgotke  et  al.  (1986). 

In  addition  to  describing  test  facilities,  this  section  provides  detailed  procedural 
information  on  exposure  conditions;  obscurant-aerosol  generation  and  characterization; 
chemical  analyses;  and  plant,  soil,  and  microbiological  experiments. 

2.1  AEROSOL  WIND  TUNNEL  RESEARCH  FACILITY 

The  Aerosol  Wind  Tunnel  Research  Facility  provides  a  combination  of  several 
capabilities  for  laboratory  reproduction  of  natural  environments.  Advantages  of  wind  tunnel 
tests  over  actual  field  tests  include  controlled  and  reproducible  (on  demand)  test  conditions, 
shorter-duraticn  projects,  and  cost-effective  methods  of  providing  large  quantities  of  usable 
data.  It  Is  also  critically  Important  that  field  simulations  be  performed  in  the  dynamic  conditions 
provided  by  wind  tunnels  rather  than  in  static  or  stirred  exposure  chambers,  because  several 
conditions  are  Influenced  by  a  dynamic  environment.  First,  contaminant  aging  In  natural 
environments  may  Include  chemical  and  physical  transformations  that  may  be  Influenced  by 
sunlight,  humidity,  temperature,  or  other  parameters.  Second,  deposition  of  airborne  particles, 
whether  by  diffusive  or  Inertial  forces,  to  various  test  subjects  such  as  plants,  soils,  and  water 
surfaces  Is  strongly  Influenced  by  wind  speed  and  the  flow-field  characteristics  generated 
within  plant  canopies  or  by  the  boundary  layers  of  wind  over  leaves  and  other  surfaces. 

Finally,  the  chemical  fate  of  particles  deposited  on  surfaces  or  the  rate  of  transfer  of 
contaminants  from  the  surface  to  the  Interior  of  plants  and  soils  may  be  altered  by  the  aging  of 
surface  deposits  under  the  Influences  of  temperature,  humidity,  and  wind  speed.  Under  static 
conditions  (l.e.,  chambers  without  uniform  air  flow,  either  with  or  without  temperature  and 
humidity  control),  transport,  transformation,  and  effects  of  airborne  materials  will  likely  not  be 
similar  to  those  occurring  In  actual  field  environments.  The  dynamic  conditions  created  In  an 
environmental 
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FIGURE  2.1.  PACIFIC  NORTHWEST  LABORATORY  AEROSOL  WIND  TUNNEL  RESEARCH 
FACILITY 


wind  tunnel  provide  realistic  simulation  of  natural  environments  for  experiments  on  transport, 
transformation,  and  fate  and  effects. 

The  facility  houses  a  sealed,  recirculating  (or  closed-loop)  wind  tunnel,  controlled- 
envlronment  plant  growth  chambers,  Instruments  for  aerosol  characterization,  and  a  computer 
system,  and  It  is  supported  by  a  variety  of  analytical-chemistry  laboratories.  Designed  to  totally 
contain  airborne  toxic,  hazardous,  and  radioactive  materials,  the  facility  offers  a  unique  capa¬ 
bility  to  conduct  aerosol  research  on  such  materials  In  a  dynamic  environment  simulating 
natural  field  conditions.  Computer  control  and  data  acquisition  in  the  wind  tunnel  exposure 
environment  include  temperature,  humidity,  illumination,  wind  speed,  gas  species 
concentration,  and  airborne-contaminant  composition  and  dispersion. 

2.1.1  Environmental  Wind  Tunnel 


The  environmental  wind  tunnel  Is  used  to  study  the  transport,  deposition,  and  chemical 
fate  of  airborne  contaminants  on  physical  and  biological  systems.  The  wind  tunnel  Is  Ideally 
suited  for  environmental  studies,  because  of  Its  large,  68-m3  (2400-ft3)  volume,  and  because  It 


is  insulated  and  supplied  with  environmental-control  systems.  Temperature  Is  controlled 
between  27  and  ~115°C  by  an  air  conditioning  system,  relative  humidity  . Is  controlled  between 
5  and  95%  at  most  temperatures  by  computerized  injection  of  water  vapor  via  an  ultrasonic 
atomizer,  and  gas  concentrations  can  be  controlled  by  computerized  Injection  and  monitoring. 

The  wind  tunnel  Is  constructed  of  stainless  steel  and  transparent  Lexan*  for  reslstanco 
to  chemical  corrosives.  A  300-psl  washdown  system  is  used  to  clean  and  decontaminate  the 
wind  tunnel  following  tests.  Constructed  as  a  closed-loop  system  as  shown  in  Figure  2.2,  the 
wind  tunnel  may  also  be  operated  In  single-pass  mode  for  many  research  applications  by 
installing  a  4.5-m2  (48-ft2)  bank  of  HEPA  filters  In  the  return  section,  just  upwind  of  a  30-hp 
belt-driven  fan.  Because  of  the  low  pressure  drop  across  the  large  area  of  the  filter  bank,  the 
maximum  attainable  speed  In  the  primary  test  section  Is  31  m/s  (70  mph)  either  with  or  without 
the  HEPA  filters.  Secondary  test  sections  provide  alternative  testing  locations  to  the  0.6-m2 
primary  test  section;  two  1 .5-m2  test  sections  and  one  2-m2  section  may  be  used  for  large  test 
subjects. 

2.1.2  Wind  Tunnel  Test  Section 

The  primary  test  section  of  the  wind  tunnel  Is  6.1  m  long  and  0.6  m  wide  and  tall,  with 
transparent  Lexan  walls  and  celling  (see  Figure  2.1).  Mean  wind  speed  Is  controllable 
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FIGURE  2.2.  CLOSED-LOOP  WIND  TUNNEL,  AEROSOL  GENERATION  AND  INJECTION, 
AND  PRIMARY  TEST  SECTION 

*  Lexan  It  a  registered  trademark  of  G'-^ral  Electric  Corporation,  Cleveland,  Ohio. 
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between  0.2  and  31  m/s  (0.5  and  70  mph).  Uniform  air  flow  Is  provided  by  reducing  the 
boundary  layer  at  the  inlet  to  the  test  section  using  a  specially-shaped  effuser  section  and 
turning  vanes  located  in  all  corners  of  the  wind  tunnel.  Velocity  Is  uniform  over  the  center  85% 
of  the  test-section  cross-section,  and  velocity  gradients  are  typically  less  than  4%.  Because 
aerosols  usually  are  generated  downwind  of  the  test  section,  mixing  Is  complete,  and  uniform 
contaminant  concentrations  are  provided  to  test  subjects.  Illumination  Is  provided  to  maintain 
plant  respiration  processes;  four  adjustable  400-W  metal-halide  lamps  are  above  the  test 
section,  and  UV  lamps  are  also  available.  Plant  pots  and  other  portions  of  test  subjects  that  do 
not  require  exposure  are  placed  below  the  surface  of  the  test  section  within  a  false  floor. 

Isolation  baffles  installed  on  the  inlet  and  outlet  planes  of  the  test  section  facilitate 
tests.  Upon  completion  of  a  tost,  these  Isolators  are  rotated  upward  to  seal  the  test  section  from 
the  rest  of  the  wind  tunnel.  The  air  within  the  test  section  is  then  quickly  cleared  by  purging  It 
with  clean,  filtered  laboratory  air,  thus  providing  a  controlled  end-of-test  or  providing  an  oppor¬ 
tunity  to  access  the  test  section  and  exchange  test  subjects  for  a  second  or  continued  expo¬ 
sure.  During  the  time  the  test  section  is  Isolated,  a  bypass  duct  Is  operated,  thus  maintaining  a 
dynamic  atmosphere  In  the  remainder  of  the  wind  tunnel.  Because  the  primary  test  section 
contains  only  5%  of  the  total  wind-tunnel  volume,  tests  can  be  performed  in  series  by  reopen¬ 
ing  the  test  section  and  continuing  testing  immediately,  without  having  to  recreate  the  test 
atmosphere. 

2.1.3  Aerosol  InatrumantatlQn 

An  inventory  of  Instrumentation  is  available  to  monitor  the  test  environment  and 
aerosol  concentration,  particle  size  distribution  and  shape,  and  chemical  composition.  A 
computer-control  and  data-acquisitlon  system  is  used  to  operate  experiments  and  document 
monitoring-instrument  data  and  status.  In  addition  to  aerosol-measuring  devices,  aerosol 
generators  for  generating  most  types  of  suspended  particulate  contaminates  are  available. 

Aerosol  mass  concentrations  from  <0.01  mg/m3  to  >10  g/m3  are  measured  using  iso¬ 
kinetic  filter  samples,  laser  transmissometers,  and  single-  and  multiple-particle  light-scattering 
devices.  Physical  samples  are  analyzed  gravimetrlcally,  chemically,  fluoroscopically,  or  by 
optical  or  scanning-electron  microscopy  (SEM).  Particle  size  distributions  of  airborne  contami¬ 
nants  are  measured  for  particles  with  diameters  ting  from  0.003  to  450  pm  using  a  variety 
of  instruments  employing  Inertial,  diffusive,  optical,  not-fllm,  or  electrical-mobility  classifying 
procedures.  One  analyzer  sizes  and  counts  particles  remotely  using  a  pair  of  He-Ne  laser 
beams.  That  device  provides  several  advantages:  particles  can  be  analyzed  without  using  a 
physical  probe  that  may  Influence  air-flow  and  particle-deposition  patterns,  airborne  material 
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can  be  rapidly  (In  real-time)  analyzed,  and  the  need  to  remove  toxic  and  hazardous  materials 
from  the  wind  tunnel  for  analysis  Is  reduced. 


2.2  AEROSOL  EXPOSURE  CONDITIONS 

Exposure  conditions  were  controlled  within  the  wind  tunnel.  Not  Including  trial  tests, 
three  series  of  BR  or  BR/FO  tests  were  performed.  Other  than  differences  In  environmental 
parameters  and  aerosol  generation  and  composition,  general  operating  procedures  were 
similar  for  all  tests.  In  addition  to  aerosol  parameters,  test  parameters  were  wind  speed, 
duration  of  exposure,  and  relative  humidity  (trial  testa  only).  Temperature  was  controlled  at 
ambient  levels  and  was  monitored,  but  It  was  not  varied  as  a  test  parameter.  After  setting  the 
test  environment  before  each  test,  obscurant  aerosols  were  generated  and  maintained  at 
roughly  constant  levels  to  provide  known  test  conditions. 

2.2.1  Exposure  Environment 


Air  temperature  and  relative  humidity  were  monitored  using  a  General  Eastern  Model 
1500  Hygrocomputer.  Temperature  was  obtained  using  a  remote  thermocouple  probe,  and 
samples  drawn  from  the  wind  tunnel  were  filtered  and  condensed  on  a  chilled  mirror  to  meas¬ 
ure  the  dew  point.  Relative  humidity  was  then  determined  by  comparing  air  temperature  with 
the  dew-point  temperature.  The  hygrooomputer  was  calibrated  by  comparing  It  with  a  certlfled- 
preclslon  controlled-draft  sling  psychrometer. 

Lighting,  provided  by  four  400-W  metal-halide  lamps,  was  not  measured  during  the 
tests,  but  the  lamps  previously  had  been  shown  to  provide  a  lighting  intensity  at  mid-canopy 
height  of  500  |iE/m2/a  photsynthetlcaly  active  radiation  PAR  (400  to  700  nm).  In  comparison, 
typical  maximum  outside  lighting  (overhead  sun,  no  clouds)  Is  approximately  1200  pE/m2/s 
PAR. 


Wind  speed  was  controlled  using  an  adjustable-speed  drive  connected  to  a  30-hp  dc 
motor  which  In  turn  drove  an  axial  fan.  Mean,  or  average,  wind  speed  was  monitored  using  a 
pltot-statlc  probe  connected  to  an  MKS  Inc.  Baratron  differential  pressure  transducer.  The 
transducer  was  calibrated  by  comparing  it  with  a  Dwyer  Model  1430  micromanometer  having  a 
certified  micrometer. 

2.2.2  Brass  and  Mixed-Brass  and  Foa-OII  Test. Series 

TW o  series  of  tr'al  tests  and  three  series  of  plant,  soil,  and  microbial  exposure  tests 
were  performed.  Trial  tests  were  performed  on  both  BR  and  BR/FO  aerosols,  Including  tests  of 
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the  influence  of  low  and  high  relative  humidities  on  aerosol  characteristics.  Exposure  tests 
Included  wind-speed  and  range-finding  tests;  only  a  wind-speed-exposure  test  series  was 
performed  for  BR/FO  aerosols.  Table  2.1  lists  each  test  series.  Individual  tests  In  each  series, 
dates,  aerosol  compositions,  and  exposure  conditions. 

TABLE  2.1.  BRASS  AND  BRASS/FOG-OIL  TEST  SERIES 


Series 

Tests 

Date 

Aerosol 

Wind  Speed 

(m/s) 

Relative  Humidity 
(%) 

BR  Trials 

BR-01  to  -09 
BR-14&-15 

12/88  to 
3/89 

BR 

0.9  to  4.7 

20  to  90 

BR  Wind-Speed 

BR-10  to  -13 

3/89 

BR 

0.9  to  4.7 

46 

BR  Range-Finding 

BR-16  to  -19 

4/89 

BR 

0.9  m/s 

46 

BR/FO  Trial 

BR/FO-T1  to  -T3 
BR/FO-01  &  -02 

8/89 

BR/FO 

0.6  to  2.8 

-45 

BR/FO  Wind-Speed 

BR/FO-03  to  -07 

8/89 

BR/FO 

0.9  to  4.6 

47 

2.2.3  Test  Procedures  and  Measured  Conditions 

The  dynamic  exposure  environment  of  the  wind  tunnel  was  used  for  all  BR  and  BR/FO 
exposure  tests  to  most  closely  represent  particle-deposition  phenomena  In  the  field  which  are 
strongly  Influenced  by  wind-speed  and  air-flow  patterns  within  plant  canopies.  Brass  aerosols 
were  generated  within  the  wind  tunnel,  downwind  of  the  test  section,  and  FO  aerosols  were 
generated  directly  Into  the  wind  tunnel  at  a  location  roughly  6  m  downwind  of  the  brass  aerosol 
generator  (both  generation  methods  are  discussed  In  Section  2.3).  Exposure  tests  were 
started  about  2  min  following  the  Initiation  of  brass-aerosol  generation  when  brass  particles 
first  circulated  the  wind  tunnel  and  were  present  In  the  test  section.  Generation  of  FO  aerosols 
was  begun  3  min  before  the  brass-aerosol  generation  to  allow  time  for  warm-up  of  the 
generator.  Target  concentrations  were  generally  achieved  within  the  first  5  to  10  min  of  each 
exposure.  Test  durations  ranged  from  30  to  480  min.  Tests  were  terminated  using  Isolation 
baffles  located  at  each  end  of  the  primary  test  section.  !Wo  minutes  before  the  end  of  the  test, 
aerosol  generation  was  ended,  the  wind  tunnel  fan  was  turned  off,  Isolation  baffles  were 


rotated  Into  position,  and  filtered  laboratory  air  was  passed  through  the  test  section  to  flush 
residual  brass  and  FO  aerosol.  Tests  were  considered  ended  after  wind  speed  was  stopped, 
because  visible  residual  aerosol  concentrations  were  flushed  from  the  test  section  within  about 
1  min. 


Effluent  from  the  wind  tunnel  was  cleaned  of  particulate  matter  using  a  HEPA  filter 
during  the  BR  tests  and  a  300-cfm  dual-stage  water  scrubber  during  the  BR/FO  tests.  Material 
deposited  to  Inner  walls  of  the  wind  tunnel  was  removed  using  water  spray,  collected,  removed 
from  the  rinse  water  using  filters  or  separation  methods,  and  disposed. 

Table  2.2  shows  the  environmental  and  test  conditions  In  the  wind  tunnel  during  each 
test  Temperature,  relative  humidity,  and  wind  speed  as  well  as  aerosol  mass-concentration 
data  were  recorded  using  the  computer-control  and  data-aoqulsltlon  system.  Temperature  and 
relative  humidity,  excluding  the  two  trial  test  series,  averaged  22.1  ±  0.8eC  and  46 1 2%.  Wind 
speed  was  controlled  at  0.9, 1 .8, 2.7,  and  4.5  m/s.  Test-to-test  variations  at  each  wind  speed 
averaged  3%.  The  Influence  of  relative  humidity  was  investigated  tests  BR-03  through  -05; 
relative  humidities  were  23, 86,  and  45%,  respectively.  Exposure  durations,  excluding  the  trial 
tests,  ranged  from  30  to  480  min.  Test  BR/FO-06  was  terminated  after  30  min  to  avoid  the 
excessive  loading  observed  during  the  similar  BR/FO-07  test. 

2.3  OBSCURANT  (AEBQSQUQENE  RATION 

Obscurant  aerosols  of  brass-flake  powder  and  fog  oil  (FO)  mixed  with  brass  (BR/FO) 
were  generated  during  exposure  tests  In  the  wind  tunnel.  Brass  test  material  was  characterized 
by  physical  density  and  by  scanning  electron  microscopy.  Generation  procedures  for  BR  were 
developed  during  the  trial  tests,  in  which  the  Influence  of  generator  operating  characteristics  and 
relative  humidity  were  investigated.  Brass  aerosol  size  distributions  were  measured  at  two 
locations  In  the  wind  tunnel.  Fog  oil  was  obtained  from  the  same  batch  used  during  previous 
obscurant  tests  (Cataldo  et  al.  1989).  Fog  oil  aerosol-generation  procedures  were  similar  to 
those  used  In  previous  tests,  except  that  the  aerosol  was  generated  directly  Into  the  wind  tunnel 
rather  than  Into  a  buffer  tank. 

2.3.1  Tflat.Matsrlai 

Test  material  was  supplied  by  the  U.S.  Army.  Brass  material  was  from  a  batch  labeled 
E3227.  The  FO  used  In  all  tests  was  from  a  55-gal  barrel  designated  SGF-2-3,  Fog  Oil,  MIL-F 
12070B,  Type  SGF-2,  9150-00-261-7895,  Lot  #1,  DLA  Goo-83-C-1284.  The  FO  was  stored  until 
use  In  a  cool  room  under  a  nitrogen  atmosphere,  to  prevent  oxidation  and  the  possible 
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formation  of  sludge.  No  discoloration  or  kludge  formation  was  observed  when  FO  was  removed 
from  the  source  before  the  8/89  BR/FO  test  series  or  during  the  tests. 


TABLE  2.2.  ENVIRONMENTAL  CONDITIONS,  WIND  SPEED,  AND  EXPOSURE  DURATION 
DURING  BRASS  (BR)  AND  BRASS/FOG  OIL  (BR/FO)  OBSCURANT  TESTS 


Test 

Date 

Temperature 

f°C) 

Relative 

Humidity 

(%) 

Wind 

Speed 

(m/s) 

Exposure 

Duration 

(min) 

aaidiia 

BR-01 

12/29/68 

23.3  ±  0.5 

30  ±7 

-0.9 

-90 

BR-02 

12/30/68 

22.3  ±  0.2 

25  ±3 

-0.9 

-120 

BR-03 

1/4/89 

24.2  ±  0.2 

23  ±  1 

-0.9 

132 

BR-04 

1/5/89 

22.1 1  0.4 

88  ±3 

0.93  ±  0.03 

-120 

BR-05 

3/1/89 

21.3  ±0.1 

45  ±  1 

0.97  ±  0.03 

80 

BR-06 

3/1/89 

20.4  ±0.1 

46  ±1 

4.67  ±  0.06 

60 

BR-07 

3/2/89 

19.7  ±0.3 

44±2 

2.70  ±  0.01 

60 

BR-08 

3/2/89 

21.3  ±  0,1 

44±  1 

0.91  ±  0.03 

75 

BR-OB 

3/2/89 

21 .5  ±0.2 

47  ±  7 

0.91  ±  0.03 

155 

BR-14 

3/3089 

22.8  ±  0.2 

53  ±15 

0.89  ±  0.03 

210 

BR-15 

3/30/89 

23.8  ±  0.2 

56  ±  2 

0.74  ±  0.07 

60 

BR  Wind  S nmmti 

BR-10 

3/7/89 

21.3  ±0.1 

45  ±  1 

4.49  ±  0.05 

60 

•BR-11 

3/8/89 

21.6  ±0.1 

47  ±  1 

2.89  ±  0.03 

60 

BR-12 

3/9/89 

21 .8  ±0.1 

46  ±  1 

1.77  ±0.02 

80 

BR-13 

3/10/89 

22.5  ±  0.1 

46  ±  2 

0.87  ±  0.02 

60 

BR-16 

4/4/89 

22.4  ±  0,2 

48  ±  2 

0.88  ±  0.03 

120 

BR-17 

4/5/89 

23.4  ±  0.5 

47  ±  2 

0.89  ±  0.03 

240 

BR-18 

4/1 0/89 

22.2  ±  0.4 

45  ±  3 

0.87  ±  0.02 

360 

BR-10 

4/11/89 

22.8  ±  0.4 

46  ±2 

0.86  ±  0.02 

480 

BR/FQ  Tri^!^ 

BR/KO-T1 

8/1/89 

20.1  ±  0.1 

36  ±2 

0.58  ±  0.01 

80 

BR/FO- T2 

8/2/89 

21.4  ±  0.1 

46  ±1 

1.98  ±0.04 

120 

BR/FO-T3 

8/3/89 

22.2  ±  0,1 

45  ±  2 

1.81  ±0.02 

158 

BR/FO-OI 

8/4/89 

22.4  ±  0.2 

48  ±1 

1.84  ±0.03 

81 

BR/FO-02 

8/14/89 

22.1  ±  0.2 

45  ±  1 

2.76  ±  0.03 

SO 

BB/EQ  Wind  Snssd 

BR/FO-03 

8/6/89 

22.7  ±  0.1 

51  ±  1 

0.91  ±  0.02 

80 

BR/FO-04 

8/15/89 

21.0  ±  0.2 

48  ±1 

1.78  ±0.10 

82 

BR/FO-OS 

8/15/89 

21.8  ±0.1 

44  ±  3 

2.65  ±0.11 

80 

BR/FO-06 

8/1 8/89 

21.1  ±0.1 

47  ±2 

4,46  ±0.12 

30 

BR/FO-07 

8/8/89 

23.0  ±  0.2 

47  ±  1 

4.56  ±0.10 

80 

Brass  matarlal  was  characterized  physically  and  by  scanning  electron  microscopy.  The 
bulk  density  of  brass  powder  was  1 .2  g/cm3,  and  its  packing  density  was  1 .7  g/cm3.  Surveys  by 
SEM  indicated  no  obvious  deformations  of  the  source  material  caused  by  the  generation 
processes.  The  brass  flakes,  from  the  souroe  material, measured  as  the  average  flat-face 
dimension  of  the  flakes,  ranged  from  <  0.5  to  -20  pm,  with  most  flakes  apparently  ranging 
between  5  and  10  pm;  the  true  number  of  smaller  flakes  was  not  certain,  however,  because  of 
their  predominate  tendency  to  attach  to  the  top  and  bottom  faces  of  the  larger  flakes  and  thus  to 
be  partially  obscured.  Flake  thickness  was  0.5  ±  0.25  pm. 

2.3.2  Br.aaa.AflLQafll  GenaatlQn 

Brass-flake  powder  material  was  generated  by  a  sonic  nozzle  to  disperse  the  powder  In 
the  air  of  the  wind  tunnel.  The  nozzle  consisted  of  a  0.25-in.  stainless-steel  tube,  through  which 
the  brass  powder  was  pneumatically  transferred,  surrounded  by  a  concentrlo  annular  region, 
through  which  oompressed  air  was  expanded.  We  experimentally  determined  the  dimensions 
of  the  annular  region  and  the  distance  beyond  the  face  of  the  annular  region  that  the  0.25-in. 
nozzle  extended.  The  selected  configuration  was  the  combination  of  annulus  and  tube 
extension  that  provided  the  greatest  amount  of  static  suction  of  the  free  end  of  the  tube  through 
which  brass  powder  was  fed  Into  the  system.  Figure  2.3  is  a  schematic  sketch  of  the  sonic- 
nozzle  generator.  An  "F"  drill  diameter,  0.257  In.,  was  used  to  provide  an  annular  gap  of  0.0035 
In.  The  area  of  the  annular  region  through  which  the  compressed  air  expanded  was  therefore 
0.0028  In2  (0.018  cm2).  The  extension  of  the  0.25-ln.  tube  through  the  face  of  the  0.26-In.  plate 
through  which  the  annulus  hole  was  drilled  was  set  at  *0.05  ±  0.03  In. 

The  sonic  nozzle  was  attached  to  the  top  of  the  wind  tunnel  and  oriented  so  that  the 
feed  tube  was  vertical  and  the  delivery  spray  of  brass  aerosol  was  horizontal  and  in  the  down¬ 
wind  direction.  A  conical  pattern  of  brass  aerosol  therefore  was  generated,  expanding  as  the 
cross  section  of  the  wind  tunnel  expanded  from  0.4  to  2.3  m2  over  a  length  of  8  m  Immediately 
downwind  of  the  test  section.  The  aerosol  then  passed  through  the  first  set  of  turning  vanes, 
past  the  downwind  location  of  particle  size  measurement,  through  the  axial-fan  section  and 
three  additional  sets  of  turning  vanes,  and  Into  the  wind  tunnel  test  section.  This  generation 
procedure  allowed  the  largest  particles,  floes  of  agglomerated  flakes,  to  settle  under  the  Influ¬ 
ence  of  gravity  and  be  removed  from  the  aerosol. 

In  addition  to  :he  physical  geometry  of  the  brass-feed  tube  and  the  annular  region  of  the 
sonic  nozzle,  operating  characteristics  of  the  system  Included  control  of  the  compressed-air 
pressure  and  brass-powder  feed  rate.  Compressed  air  was  passed  at  pressure  through  a  flow 
meter  and  both  the  pressure  and  flow  meter  reading  were  measured;  pressure  was  maintained 
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within  approximately  3  pal  of  target  valuee.  Pressures  ranging  from  40  to  95  psig  were  tested 
and  were  shown  to  have  minor  impact  on  powder-dispersion  effectiveness  and  aerosol  particle 
size  distribution  (particle  size  was  about  0.5  *un  smaller  at  90  pal,  see  Section  3.1). 


FIGURE  2.3.  SCHEMATIC  OF  THE  SONIC-NOZZLE  AEROSOL  GENERATOR  DEVELOPED 
TO  DISPERSE  BRASS-FLAKE  POWDER  AS  AN  OBSCURANT  AEROSOL 
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Most  exposure  tests  were  performed  at  pressures  of  80  to  90  pslg.  The  Accurate  Model 
302  powder  feeder  proved  to  supply  brass  powder  at  a  repeatable,  nearly  steady  rate,  and  was 
a  great  Improvement  over  the  early  manual  tests.  The  feeder  contained  an  -8-1  powder  hopper 
and  a  horizontal  screw  with  a  1 :1000  turn-rate  control  selector.  The  walls  of  the  hopper  agitated 
the  powder  and  provided  a  constant  powder  head  to  the  screw.  The  feeder  was  calibrated  for 
settings  ranging  from  100  to  800  and  was  found  to  provide  brass  powder  to  the  funnel  at  the  top 
of  the  vertical  feed  tube  of  the  sonic  nozzle  at  a  repeatable  rates  of  0.7  to  11  g/mln.  Consecutive 
measurements  Indioated  an  average  powder  feed  rate  repeatability  of  -1%  (<  3%).  However,  a 
decrease  In  feed  rate  of  0  to  10%  per  1 20  min  occurred.  This  degree  of  feed-rate  stability  was 
sufficient  for  generating  brass  aerosol  for  exposure  tests  In  the  wind  tunnel. 

Generation  of  brass  followed  similar  procedures  during  each  test  after  the  first  four  trial 
tests,  when  the  brass  feed  was  provided  manually.  The  static  suction  of  the  generator  was 
determined  pre-  and  post-test  to  ansure  sufficient  pneumatio  force  to  convey  the  brass  powder 
through  the  feed  tube.  The  suction  was  determined  by  removing  the  funnel  and  sealing  the  top 
of  the  vertical  feed  tube;  a  static  suction  of  16  in.-^O  was  common.  The  sonic  nozzle  was 
cleaned  every  several  tests,  because  we  observed  that  microscopic  deposits  tended  to  form  at 
the  sonic-flow  annulus.  This  condition  did  not  noticeably  affect  aerosol-generation  effectiveness 
when  brass  was  generated  singly.  The  generator  was  operated  at  an  Increased  brass-powder 
feed  rate  during  the  first  5  to  10  min  of  tests  to  provide  a  rapid  build-up  of  aerosol  concentration 
In  the  wind  tunnel.  The  feed  rate  was  then  reduoed  and  maintained  at  a  stable  rate  for  the 
remainder  of  each  test  unless  a  minor  Increase  or  decrease  was  required  to  adjust  aerosol 
concentration. 

After  test  BR-09  the  potential  for  resuspension  of  brass  particles  deposited  In  the  wind 
tunnel  during  previous  tests  was  Investigated.  The  total  amount  of  brass  deposits  In  the  wind 
tunnel  at  that  time  was  estimated  to  be  -1000  g.  Resuspension  and  visible  brass-aerosol  forma¬ 
tion  occurred  only  at  the  greatest  tested  wind  speeds  (4.6  m/s).  At  that  wind  speed  the  concen¬ 
tration  of  resuspended  brass  was  6  mg/m3,  and  thus  did  not  contribute  significantly  to  most 
generated  brass  aerosols.  This  otherwise  Invisible  aerosol  was  observed  as  flecks  of  light 
reflected  off  of  the  sparse  particles  as  they  traveled  through  the  He-Ne  laser  beam  of  the  trans- 
mlssometer  mounted  In  the  wind  tunnel  test  section. 

2.3.3  Mixed-Brass  and  Fqq-QII  Aerosol  Generation 

Mixed  aerosols  of  BR/FO  were  generated  by  operating  both  generators  at  the  same 
time,  rather  than  sequentially,  as  mixed-obscurant  aerosols  of  W P,  FO,  and  HC  were  generated 
during  previous  tests  (Cataldo  et  al.,  1990b).  The  brass  generator  was  operated  as  described 
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above,  with  minor  modifications,  and  the  FO  generator  was  operated  roughly  6  m  downwind, 
along  the  west  side  of  the  wind  tunnel.  The  two  aerosols  thereby  were  mixed  In  the  wind 
tunnel. 

Brass-generation  rates  decreased  during  early  BR/FO  wind-speed  tests.  The  feed 
tube  of  the  sonic  nozzle  was  found  to  be  partially  plugged  with  an  oily  substance  mixed  with 
brass  powder.  This  was  attributed  either  to  entrainment  of  FO  droplets  In  the  exit  plane  of  the 
sonic  nozzle's  feed  tube  (perhaps  caused  by  the  structure  of  turbulence  generated  by  the 
expanding  air  from  the  annular  region)  or  to  the  presence  of  fine  oil  droplets  In  the  source  of 
compressed  air.  Compressed-air  filters  were  serviced  and  found  to  be  operating  normally;  this 
suggested  that  FO  droplets  were  likely  the  cause  of  the  reduced  brass  transport  In  the  feed 
tube.  Although  the  sonic  nozzle  was  disassembled  and  cleaned  prior  to  all  but  the  first  two 
(BR/FO-03  and  -07)  wind  speed  tests,  the  clogging  problem  continued  to  reduce  the  concen¬ 
tration  of  the  brass  component  of  the  mixed  aerosol.  A  3-cm-dlameter  by  10-cm-long  plastic 
flow  guide  was  attached  to  the  end  of  the  sonic  nozzle  to  prevent  baokflow  relntrainment  of  FO 
aerosol  In  the  BR  feed  tube,  nevertheless,  results  In  the  remaining  three  tests  were  mixed,  and 
the  ologglng  problem  remained. 

Fog  oil  aerosols  were  generated  using  the  procedure  described  by  Cataldo  et  al. 
(1989).  Aerosols  of  FO  liquid  were  produced  by  vaporizing  the  liquid  and  condensing  the 
resulting  FO  vapors  to  form  micrometer-size  droplets.  This  laboratory  method  originally  was 
developed  to  simulate  the  method  used  In  the  field:  vaporization  of  FO  on  hot  exhaust  mani¬ 
folds.  Fog-oil  liquid  was  pumped  at  steady  rates  from  a  reservoir  onto  a  600°C  Immersion 
heater  contained  In  the  Inlet  end  of  a  1-m-long,  2.5-cm-dlameter  stainless-steel  tube,  as  shown 
In  Figure  2.4.  Vapor  from  the  Immersion  heater  was  then  passed  through  a  300°C  region  of  the 
tube  and  into  the  wind  tunnel.  The  carrier  gas  was  a  mixture  of  96%  nitrogen  and  4%  air, 
representing  the  low  oxygen  content  of  the  field  generation  system  (the  carrier  gas  contained 
about  0.8%  oxygen).  The  flow  rate  of  FO  liquid  Into  the  generator  was  controlled  using  a  liquid 
pump  calibrated  between  0.3  and  5  mL/mln,  The  flow  rate  was  maintained  at  4  mL/mln  for  the 
first  -25  min  of  each  test  to  build  up  concentration  within  the  wind  tunnel  and  then  was 
adjusted  to  a  steady  rate  of  2  mUmln  for  the  remainder  of  the  test. 
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Brass  (BR)  and  mixed  BR/FO  aerosols  were  characterized  during  each  trial  and 
exposure  test.  Measurements  were  made  to  provide  data  on  the  aerosol  mass  concentration, 
and  chemical  analyses  of  data  provided  information  on  the  chemical  constituents  of  brass 
alone  and  of  mixed  aerosols.  Particle  size  distribution  was  measured  during  each  test,  and 
special  measurements  were  made  to  determine  the  Influence  on  aerosol  particle  size 
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distribution  of  sonic  nozzle  aerosol-generator  operating  conditions,  relative  humidity,  and 
distance  downwind  of  the  generator.  Surrogate-substrate  deposition  coupons  were  sus¬ 
pended  in  the  air  flow  of  the  wind  tunnel  to  provide  information  on  the  rate  of  deposition,  or 
deposition  velocity,  of  BR  and  BR/FO  aerosols  as  Influenced  by  chemical  composition  and  wind 
speed.  Procedures  for  these  measurements  are  discussed  in  this  section,  and  results  are 
presented  and  discussed  In  Section  3.1 .  Subsequent  sections  present  additional  Information 
on  chemical  characteristics  of  the  material  and  on  test  subjects. 
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FIGURE  2.4.  TEMPERATURE-CONTROLLED  FOG  OIL  AEROSOL  GENERATOR  USED  IN 
CONJUNCTION  WITH  THE  BRASS  GENERATOR  FOR  MIXED  SMOKES 

2.4.1  Aerosol  Mass  Concentration  and  Chemical  Composition 

The  primary  method  of  measuring  aerosol  mass  concentration  was  to  collect  represen¬ 
tative  samples  of  the  wind  tunnel  atmosphere  on  25-mm  glass-fiber  filter  pads.  These  samples 
were  analyzed  gravlmetrlcally,  and  selected  filters  were  submitted  for  subsequent  analysis  for 
Zn  and  Cu.  The  chemical  analyses  were  especially  Important  In  determining  the  relative 
concentrations  of  BR/FO  aerosols.  Representative  samples  were  obtained  immediately 
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downwind  of  the  wind  tunnel  test  section  (yet  upwind  of  the  two  aerosol  generators)  using  a 
sharp-edged,  straight  sampling  nozzle  having  a  o.48-cm  diameter  and  -10-cm  length  between 
the  nozzle  tip  and  the  collector.  The  nozzle  was  operated  Isokinetlcally  to  effectively  sample  all 
particles  In  the  aerosols,  and  the  flow  rate  was  controlled  so  that  the  velocity  within  the  probe 
was  nearly  equal  to  that  in  the  surrounding  test  section.  Sample  flow  rates  were  controlled 
using  calibrated  critical-orifice  meters.  Depending  on  test  length,  6  to  18  aerosol  concentration 
samples  were  obtained  during  each  test,  excluding  the  trials.  Samples  were  weighed  to  ±0.05 
mg  using  a  Mettler  AE183  mass  balance.  To  limit  mass  loss  caused  by  the  slow  evaporation 
rate  of  the  FO  component  of  the  aerosol,  masses  were  obtained  30  to  60  s  after  the  sample 
was  removed  from  the  wind  tunnel  during  the  BR/FO  tests.  Selected  samples  were  then 
contacted  with  5  mL  of  6  M  HNO3  and  then  diluted  with  0.01  M  HNO3  for  a  total  solvent  volume 
of  15.0  mL. 

Measurements  of  aerosol  mass  concentration  were  also  made  using  a  He-Ne  laser 
transmlssometer  during  each  test.  Obscuration  data  also  were  obtained  at  the  0.633-nm 
wavelength  of  the  laser.  The  laser  beam  was  propagated  horizontally  aoross  the  test  section  of 
the  wind  tunnel  upwind  of  the  test  subjects.  These  measurements  were  made  to  provide, 
where  applicable,  a  mlnute-to-minute  record  of  aerosol  mass  concentration.  Measurements 
consisted  of  the  ratio  of  the  transmitted  versus  the  emitted  laser  power,  or  Intensity,  at  each 
sample  Interval  and  were  recorded  using  the  computer  control  and  data  acquisition  system. 
Although  the  system  did  not  provide  usable  data  during  several  of  the  brass  aerosol  tests, 
because  aerosol  concentration  was  less  than  the  detectable  limit,  the  transmlssometer  pro¬ 
vided  usable  Information  for  some  BR  and  all  BR/FO  tests.  To  Improve  measurement  reliability, 
an  antistatic  coating  was  applied  to  the  Lexan  walls  of  the  wind  tunnel  test  section  to  prevent 
particle  deposition  and  resulting  attenuation  of  the  laser  beam.  Because  of  Its  limited  effec¬ 
tiveness,  data  from  the  transmlssometer  were  not  included  In  determinations  of  aerosol  mass 
concentration. 

The  chemical  compositions  of  BR  and  BR/FO  aerosols  were  measured  to  provide 
information  on  three  characteristics  of  the  aerosols.  First,  the  ratio  of  Zn  to  Cu  In  the  aerosol- 
concentration  and  deposition-coupon  samples  was  determined.  Second,  the  mass  of  Zn  and 
Cu  was  compared  to  the  gross  mass  measured  using  the  gravimetric  procedure.  The  brass 
component  of  aerosol-concentration  and  deposition-coupon  samples  was  determined  by 
comparing  the  mass  of  Zn  and  Cu  to  the  total  mass  collected,  the  difference  being  attributed  to 
the  FO  component.  Third,  a  few  particle  size  distribution  samples  were  analyzed  to  provide 
information  on  the  ratio  of  Zn  to  Cu  and  brass  to  FO  at  various  particle  size  ranges  in  the 
aerosols.  Moisture  uptake  by  brass  aerosols  was  not  anticipated.  Samples  from  test  BR-04 
(86%  relative  humidity)  were  checked,  and  were  found  not  to  contain  measurable  moisture 
levels. 
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2.4.2 


It  is  important  to  characterize  the  particle  size  distribution  of  aerosols  generated  for 
environmental  transport  and  fate  studies,  because  particle  size  Is  the  aerosol  characteristic 
most  closely  related  to  transport  characteristics  for  particles  greater  than  0.1  to  1  pm  In  diam¬ 
eter.  The  particle  size  distribution  of  an  aerosol  may  be  based  on  particle  number  frequency, 
aerosol  mass,  or  other  parameters  such  as  surface  area  or  particle  volume.  The  particle  size 
distributions  of  the  BR  and  BR/FO  aerosols  generated  during  the  currant  study  were  character¬ 
ized  by  aerodynamic  mass  median  diameter  rather  than  actual  physical  diameter,  because  the 
aerodynamic  diameter  provided  Information  on  the  Inertial  characteristics  of  the  particles. 

These  characteristics  influenced  particle  transport  through  complex  flow  fields  such  as  those 
that  existed  in  the  exposed  plant  canopies  and  accounted  for  the  large  specific  gravities  and 
nonspherical  shapes  of  the  particles.  Measurements  of  the  aerodynamic  characteristics  were 
especially  useful  for  brass  aerosols,  because  they  have  relatively  larger  aerodynamic  mass 
median  sizes  (about  5  pm)  compared  with  the  aerodynamic  mass  median  sizes  of  other 
obscurant  materials  such  as  RP/BR,  WP,  FO,  and  HC  (-1 .5  to  3  pm). 

The  size  distributions  of  BR  and  BR/FO  aerosols  were  measured  using  eight-stage 
Andersen  ambient-style  cascade  Impactors  operated  at  approximately  24.5  Lpm.  The  Impact- 
ors  classified  the  sampled  aerosols  Into  nine  different  particle  size  categories,  ranging  approxi¬ 
mately  from  0.5  to  10  pm,  a  range  encompassing  nearly  all  of  the  mass  of  the  sampled  aero¬ 
sols.  Samples  were  drawn  from  the  wind  tunnel  a  distance  of  about  4  m  upwind  of  the  test 
section.  In  a  low  velocity  region  of  the  wind  tunnel  selected  to  minimize  particle  sampling 
losses  at  the  Inlet  of  the  Impactors.  The  inlets  of  the  Impactors  were  modified  with  a  1 .9-cm- 
diameter,  15-cm-long  Inlet  tube  that  was  shaped  In  a  gradual  bend  of  90°.  Particulate  matter 
was  collected  on  stages  within  the  Impactors,  on  pre-welghed  81 -mm  glass-fiber-filter  sub¬ 
strate.  Each  Impactor  stage  was  analyzed  gravlmetrlcally,  and  one  set  of  samples  was  sub¬ 
mitted  for  chemical  analysis.  Losses  associated  with  sampling  the  aerosols  were  documented 
by  comparing  the  aerosol  concentration  obtained  by  analysis  of  the  Impactor  samples  to  that 
determined  by  the  Isokinetic  aerosol  samples. 

Samples  of  aerosol  particle  size  distribution  usually  were  obtained  during  the  middle 
portions  of  each  test,  and  therefore  were  similar.  However,  samples  also  were  obtained  to 
provide  Information  on  the  influence  on  particle  size  distribution  of  aerosol-generator  charac¬ 
teristics  such  as  operating  air  pressure  and  test  conditions  such  as  wind  speed  and  relative 
humidity.  One  measurement  was  also  made  In  the  settling  plume  from  the  sonic  nozzle  to 
provide  a  measure  of  the  aerosol  before  large  agglomerated  particles  were  lost  In  the  return 
section  of  the  wind  tunnel. 
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2.4.3  Brass  and  Mixed  Brass  and  Foa  Oil  Particle-Deposition  .Velocities 

The  rate  of  particle  deposition,  or  deposition  velocity,  to  surrogate  surfaces  was  meas¬ 
ured  to  compare  it  with  deposition  velocities  to  plant  and  soil  samples.  Typically,  eight  47-mm 
glass-fiber-filter  substrates  were  suspended  horizontally  in  the  wind  tunnel  test  section, 
sandwiched  behind  and  between  the  coils  of  two  ~1-cm-dlameter  springs.  The  deposition 
coupons  were  suspended  at  a  location  upwind  of  the  test  subjects.  The  coupons  were  located 
at  elevations  of  10  to  50  cm  above  the  floor  of  the  test  section.  Deposition  coupons  were 
weighed  before  and  after  each  test.  Selected  coupons  were  then  submitted  for  chemical 
analysis.  Deposition  velocity  was  determined  for  each  sample  using  the  equation  Ud  -  (1.667 
x  104)  x  ( M  x  A)  /  (Cm  x  At),  where  Ud  is  the  deposition  velocity  in  cm/s,  M  Is  the  mass  depos¬ 
ited  to  the  sample  in  mg,  A  Is  the  surface  area  of  the  deposition  coupons,  in  cm2,  and  Cm  Is  the 
average  aerosol  mass  concentration  In  mg/m3  throughout  the  test  duration  At,  In  min.  Surface 
area  was  determined  to  be  34  cm2,  the  area  of  the  top  and  bottom  of  the  filter  surface  less  the 
area  estimated  to  have  been  covered  by  the  springs'  colls.  Although  deposits  of  BR/FO  aero¬ 
sols  were  especially  heavy  on  the  thin  leading  edge  of  the  coupons  to  represent  as  closely  as 
possible  the  method  used  for  determining  the  deposition  rate  to  plant  leaves  the  surface  area 
used  In  calculations  Included  both  top  and  bottom  areas  of  tho  coupons. 

2.5  CHARACTERIZATION  OF  BRASS 

2.5.1  Hhflmlcai.ChafafiterlzatlQgflf  Brass  Elaka 

Brass  flake  material,  labeled  E3227,  was  used  for  all  brass-analysis  and  soil- 
amendment  studies  In  addition  to  the  aerosol  tests.  Repeated  leaching  of  brass  aliquots  for 
organic  coatings  with  CHCI3  resulted  In  only  minor  weight  loss  (<0.1%),  though  the  organic 
was  not  absolutely  characterized  quantified.  Moisture  sorbed  to  the  brass  was  negligible 
(<0.1%),  by  oven-drying.  Direct  dissolution  of  the  brass  was  visually  complete  in  HNOg 
concentrations  of  1  M  and  greater;  however,  there  was  a  mass  Imbalance  of  8%  in  1  M  HNOg 
and  an  Imbalance  of  19%  In  an  aliquot  Initially  dissolved  In  6  M  HNOg  and  then  diluted  (with 
deionized  water)  to  2  M  HNOg.  Since  white  particulate  was  evident,  we  attributed  the  mass 
loss  to  preclpitatlon/sorptlon  processes  accelerated  by  the  aqueous-dilution  step.  Later 
digestion  dilutions  were  performed  using  0.1  M  HNO3  additions. 

Single  aliquots  of  brass  (similar  to  those  amended  to  soli,  but  without  soil)  were  con¬ 
tacted  with  H20, 0.01  M  HNOg,  and  0.1  M  HNO3  to  compare  extraction  efficiency.  The  water- 
only  sample  was  analyzed  for  dissolved  organic  carbon.  It  showed  negligible  water-soluble 
organic  carbon,  as  expected  from  the  lack  of  solubility  of  stearic  and  palmitic  acids  in  water. 
Both  the  0.01  and  0.1  M  HNOg  leachings  of  brass  showed  total  consumption  of  the  acid,  while 
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the  pH  of  the  1  M  solution  was  only  roughly  determined  as  -0.3,  or  -0.5  M  add  remaining. 
This  means  that  out  of  the  1  M  solution,  assuming  the  brass  is  taken  to  Cu  and  Zn  (II),  -3.1 
mmoles  acid  was  required  out  of  a  total  available  (In  the  1  M  HNO3  extraction)  of  10  mmoles. 
Thus,  1 .5  mmoles  of  acid  was  consumed  by  reactions  other  than  simple  dissolution  of  the 
brass. 


2.5.2  Digestion  and  Extraction  of  Brass  and  Brass  Contained  In  Matrices 

Total  digestion  of  brass  was  done  in  triplicate  by  concentrated-nltrlc-acld  digestion  In 
Teflon-lined  sealed  (Parr)  bombs  heated  at  140°C  for  16  h.  Samples  of  0.75  g  of  amended 
soils,  contaminated  plant  tissues,  and  aerosol  samples  were  digested  In  2.5  mL  concentrated 
(Baker  Ultrex)  HNO3  for  16  h,  cooled,  and  diluted  with  0.1  M  HNO3  to  20  ml  final  volume 
before  analysis  for  Cu  and  Zn  by  ICAR  As  a  check  on  extraction  efficiency,  a  subset  of  soils 
was  also  analyzed  using  only  0.5  g  soil  to  Increase  the  acid-to-soil  ratio  and  to  compare  with 
the  limited  digestions  of  the  highest-amended  soils  at  the  time  of  preparation.  The  limited 
sample  size  required  a  well-dispersed  Initial  soil  mixture,  and  was  the  first  test  of  the  mixing 
efficiency  In  the  pot  preparations. 

The  mass  imbalance  by  this  approach  was  5.9±0.2%.  Minor  components  found  were 
Al  (0.27±0.03%)  and  Fe  (0.59±0.0l%).  Major  distribution  was  Cu  at  67.910.2%  and  Zn  at 
25.3±0.1%,  based  on  total  dlgesteo  mass.  For  ease  In  relating  subsequent  analyses,  If  we 
Ignore  the  minor  components  and  assume  recovery  was  complete,  then  the  percent  Cu  based 
on  the  total  recovery  of  Cu  plus  Zn  would  be  72.910.5%  and  that  of  Zn  would  be  27.110.5%. 
The  expected  values  as  stated  In  the  literature  (Wentzel  et  al.  1986c)  were  -70%  Cu,  -30%  Zn, 
and  <1%  minor  Impurities. 

2.5.3  Soil.  Extraction  Methods 

Exchangeable,  organically  bound,  and  Inorganically  bound  Cu  and  Zn  were  deter¬ 
mined  generally  following  the  procedure  of  McLaren  and  Crawford  (1973),  as  Implemented  by 
Wentsel  and  Quelta  (1986b).  The  detection  limits  by  ICAP  for  Cu  and  Zn  are  4  and  20  ppb  in 
solution,  respectively,  In  undiluted  simple  matrices;  the  interferences  caused  by  the  selective 
extraction  solutions  generally  were  handled  by  simple  dilution,  which  results  In  a  correspond¬ 
ing  increase  in  true  minimum  detection  limit.  Carry-over  from  one  step  to  the  next  was  deter¬ 
mined  entirely  by  mass  balance,  rather  than  rinsing,  as  recommended  by  Sposlto  et  al.  (1982). 
A  0.75  g  aliquot  of  soil  was  contacted  with  30  mL  of  0.1  M  K4P2O7  with  shaking  overnight;  a 
separate  1.5  g  aliquot  was  contacted  with  30  mL  0.01  M  CaCl2  for  24  h,  separated,  and  the 
residue  contacted  with  30  mL  2.5%  acetic  acid  for  24  h.  Residual  metal  component  was  deter¬ 
mined  by  acid  digestion  of  the  dried  residues  (from  both  the  K4P2O7  and  the  CaCl2  and  acetic 
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add  extraction  sequences)  In  Teflon-lined  (Parr)  bombs,  similar  to  the  analysis  for  total  brass  in 
the  amended  soils.  Since  we  were  Interested  primarily  In  available  Cu  and  Zn,  we  did  not 
dassify  the  residual  metals  In  terms  of  oxide,  crystalline,  or  silicate  mineral  structures.  The 
portion  extracted  In  CaCl2  Is  termed  exchangeable;  that  found  In  the  acetic  acid  fraction,  after 
correction  for  residual  CaClg,  Is  termed  inorganically  bound;  the  difference  between  the 
K4p2°7'extractecl  metals  and  the  sum  of  the  exchangeable  and  Inorganically  bound 
components  Is  termed  organically  bound. 

Hot-water  extraction  of  soil  ^uots  used  a  20:1  solution-to-soll  ratio  (0.75  g/15  mL)  In 
a  Teflon-lined  (Parr)  bomb  held  at  104°C  for  6  h  and  oooled  prior  to  opening.  This  Is  a 
preferred  method  for  evaluating  bloavallable  concentrations  of  Ions  In  soil.  Another  method  of 
choice,  because  It  causes  no  Intrusive  chemical  changes  to  the  soli  system,  Is  direct  pore- 
water  analysis.  Basically,  this  method  Involves  displacing  unbound  water  from  soils  using  a 
nonmiscible  medium  (freon,  In  this  instance).  Its  drawback  is  that  It  lacks  suitable  sample  size 
for  detailed  ohemlcal  analysis. 

2.6  PREPARATION  AND  CHARACTERIZATION  OF  SOILS 
2.6.1  Soil  Charaoterlstloa 


Soils  used  In  the  study  were  as  follows;  1)  Burbank  fresh  (collected  1988),  2)  Palouse 
(collected  1988),  3)  Palouse  plus  organic  matter  (0.22%  alfalfa),  and  4)  Clnebar  (1988  batch). 
All  soils  were  air-dried  and  sieved  (<2  mm)  to  preserve  the  biological  activity  In  the  fresh  soils; 
the  degree  of  air-drying  of  the  1988  collections  were  not  air-dried  to  complete  dryness. 

Selected  properties  of  the  soils  are  listed  in  Table  2.3.  The  effect  of  brass  flake  on 
soil  microbial  properties  was  Investigated  In  three  studies  of  four  soils.  The  four  soils  used  In 
these  studies  were  1)  Burbank;  Burbank  sandy  loam  (sandy,  skeletal,  mixed,  xerlc, 
Torrlorthent),  a  soil  representing  the  desert  areas  of  Washington,  Oregon,  and  Idaho  and 
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TABLE  2.3.  SELECTED  PROPERTIES  OF  SOILS  USED  IN  THE  STUDY  OF 
BRASS  EFFECTS 


Soil  Property 

Burbank 

Sandy  Loam 

Palouse 

Silt  Loam 

Clnebar 
Clay  Loam 

%  Sand 

45.1 

1.1 

35.2 

%  Silt 

51.4 

77.5 

51.4 

%  Clay 

4.0 

21.4 

13.4 

%  Ash 

98.0 

93.8 

nd<*> 

pH  (at  100%  field  capacity) 

7.4 

5.4 

5.6 

Organic  carbon  ( %) 

0.5 

1.7 

7.2 

Sulfur  ( %) 

0.053 

0.043 

nd 

Nitrogen  (%) 

0.061 

0.16 

0.44 

Total  P  (pg/g) 

2400 

3770 

3400 

Phosphate-P  (pg/g) 

4.8 

5.8 

26 

Carbonate/Bicarbonate  (%) 

<0.1 

<0.1 

<0.1 

Ammonlum-N  (pg/g) 

6.1 

18.3 

15 

CEC  (meq/100  g) 

5.5 

23.8 

38.2 

(a)  nd  -  not  d«t«rmln*d 


having  a  low  cation-exchange  capacity  (CEC),  low  organic  matter  (OM),  and  a  pH  of  7  to  7.5; 
2)  Clnebar:  Clnebar  clay  loam,  a  Washington  forest  soli  from  the  Cascade  Mountain  Range 
and  having  high  OM  and  CEC  and  a  pH  of  5.5  to  6;  3)  Palouse:  Palouse  silt  loam  (flne-sllty, 
mixed,  meslc,  Pachlo  Ultlo  Haploxeroll),  a  soil  typifying  agricultural  soils  of  eastern 
Washington,  Idaho,  and  eastern  Oregon  and  having  moderate  CEC  and  OM  and  a  pH  of  5.4; 
and  4)  Palouse  +  OM:  Palouse  soil  amended  with  0.22%  (w/W)  dried  alfalfa  (ground  and 
sieved  through  a  60-mesh  screen). 

A  long-term  pot  study  of  brass-flake  weathering  was  initiated  In  July  1988.  The  four 
soils  described  above  were  amended  with  0, 25, 100,  500,  and  2500  pg  brass  flake/g  oven- 
dried  soil,  and  brought  to  -0.03  MPa  water  potential  (approximately  66%  of  field  moisture 
capacity)  with  distilled  water.  Solis  were  placed  In  plastic-lined  pint  cartons  and  covered  with 
black  polyethylene  beads  to  minimize  surface  evaporation  and  were  Incubated  at  ambient 
temperature  In  the  greenhouse.  The  greenhouse  was  kept  at  12.8°C  (day)  and  4.4°C  (night) 
during  winter  months  and  26.78C  (day)  and  18.3°C  (night)  during  summer  months,  with  a  12-h 
day/nlght  cycle. 
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Air-dried  soils  were  mixed  with  brass  to  the  highest  target  concentration  (2500  ng/g 
soil,  on  an  oven-dry  basis)  and  then  subsampled  for  dilution  to  the  next  concentration 
(500  pg/g)  with  additional  soli  before  being  brought  to  -66%  of  field  capacity  with  glass- 
distilled  water.  Similarly,  sequential  dilutions  were  used  to  prepare  the  lower  amendment 
concentrations.  Aliquots  of  both  air-dried  and  moistened  soils  were  reserved  for  analysis,  and 
the  remainder  was  potted  Into  plastlc-llned  pint  cartons  and  covered  with  poly  beads  to 
minimize  surface  evaporation.  Target  weight  In  the  oartons  was  400  g  soli  (oven-dried); 
however,  Clnebar  soil  equivalent  to  only  about  340  g  would  fit  In  the  pot. 

The  reserved  soil  aliquots  were  checked  for  percent  moisture  and  the  pot  weights  then 
readjusted  to  reflect  the  target  moisture  level.  The  redetermined  %molsture  In  the  air-dried 
soils  was  also  used  In  the  calculated  brass  concentration.  Percent  moistures  In  Burbank, 
Clnebar,  Palouse  and  Palouse  +  OM  were  0.69, 8, 13,  and  13%,  respectively.  This  step  was 
necessitated  by  the  variation  In  dryhg  of  the  soils  during  soil  storage  and  during  actual 
preparation. 

The  level  of  brass  in  the  amended  fractions  was  determined  by  concentrated-nitric- 
aold  digestion  of  amended  soils  In  sealed  Teflon-lined  (Parr)  bombs.  Native  Cu  and  Zn,  as 
determined  In  digestions  of  unamended  soils,  must  be  subtracted  from  the  digestion  results  of 
amended  soils.  For  these  studies,  we  have  calculated  the  amount  of  brass  recovery  to  be  the 
sum  of  Cu  and  Zn  alone,  neglecting  the  contribution  of  minor  components  (£1%);  a  calculated 
value  of  99%  of  target  would,  therefore,  be  total  agreement.  After  background  correction,  the 
amount  of  brass  recovered  by  acid  digestion,  as  a  percent  of  target,  averages  92%  over  all  soil 
types  and  amendment  concentrations.  The  percent  Cu  of  the  sum  of  Cu  and  Zn  contribution 
averages  73.6%  overall.  This  Is  consistent  with  the  average  of  72.9%  In  the  brass-only  Parr 
bomb  digests,  as  described  earlier. 

2,6.3  Soil  Column  Studies 

To  determine  the  relative  mobility  of  brass-flake  constituents  In  soil,  a  series  of 
2.46-  x  20-cm  columns  were  packed  to  a  depth  of  16  cm  with  different  soil  types:  Burbank, 
Clnebar,  Palouse,  and  Palouse  +  OM.  The  columns  were  brought  to  95%  field  water  saturation 
once  weekly  with  synthetic  rainwater  (Van  Vorls  et  al.  1967).  The  Burbank,  Palouse,  Palouse  + 
OM,  and  Clnebar  soils  were  watered  with  pH  6.5  rainwater,  while  additional  columns  of 
Clnebar  and  cecll  were  watered  with  pH  4.5  rainwater  to  provide  data  on  the  effects  of  acid 
rainfall.  The  columns  were  equilibrated  with  the  artificial  rainwater  for  4  weeks  before 
“activated"  brass-flake  amendment.  For  amendment,  a  0.5-cm  lens  of  brass  flake 
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(2.81  g/oolumn)  containing  7.5  mg  (0.24-MBq  66Zn)  of  neutron-activated  brass  flake  (specific 
activity  23.42  MBq  65Zn/g  brass)  was  layered  to  the  top  of  each  soil  column. 

Following  amendment,  the  columns  were  watered  weekly  for  48  weeks,  during  which 
the  column  eluants  were  collected  and  counted  In  a  gamma  counter  (Model  5530,  Packard 
Instruments,  Downers  Grove,  Illinois)  to  determine  whether  any  of  the  brass  had  leached 
through,  in  addition,  the  columns  were  scanned  with  a  Gamma  probe  (Model  44-2  and  Model 
2200  scaler  ratemeter,  Ludlum  Instruments,  Sweetwater,  Texas)  at  three  times  over  the  course 
of  the  experiment  (dates  given  in  text)  to  determine  If  6SZn  In  the  brass  lens  had  moved  down 
Into  the  column. 

2.7  PLANT  AND  SOIL  SELECTION  AND  PLANT  CULTIVATION 
2.7.1  Plant  Selection  and  Cultivation 

The  native  species  sagebrush,  ponderosa  pine,  and  short-needle  pine  are  found 
associated  with  different  training  environments  throughout  the  United  States  or  are  used  In 
revegetation,  while  bush  bean  (used  as  a  sensitive  Indicator  species  for  soft  crops),  the  pines, 
and  fescue  are  Important  agronomlo  species  found  adjaoent  to  many  training  Installations. 

Plant  souroes  and  characteristics  are  as  follows: 

•  Big  Sagebrush  fArtemlaa  trldsntata.  vaseyana).  A  medium-size,  perennial  shrub 
found  over  vast  expanses  of  the  arid  and  semlarld  western  states.  It  grows  In 
relatively  harsh  environments  on  alkaline  soils  and  at  elevations  from  sea  level  to 
7000  ft,  Source:  Native  Plants  Inc.,  Sandy,  Utah.  Age:  2-year-old  seedlings. 

•  Ponderosa  Pine  fPlnus  oondarosaL  A  large  coniferous-forest  species  common  to 
western  North  America.  It  grows  at  a  range  of  elevations  and  Is  relatively  tolerant  to 
drought.  It  requires  moderate  soil  fertility.  Source:  MacHugh  Nursery,  Eltopla, 
Washington.  Age:  2-year-old  seedlings. 

•  Short-Needle  Pine  fPInus  echlnataL  A  coniferous  tree  Indigenous  to  the 
southeastern  United  States.  This  variety  Is  used  extensively  In  reforestation. 
Source:  J.P.  Rhody  Nursery,  Qllbertsville,  Kentucky.  Age;  2-year-old  seedlings. 

•  Tall  Fescue  (Festcua  alatorl.  A  perennial,  cool-season  bunchgrass  that  grows  well 
on  dry  or  wet,  alkaline  or  acid  soils.  It  has  a  rather  ubiquitous  range.  Source: 
Native  Plants  Inc.,  Sandy,  Utah.  Grown  from  seed. 
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•  Bush  Bean  fPhaaeolus  vulgaris.  tendergreen).  An  agronomlo  species  that  Is 
relatively  sensitive  to  chemical  Insults,  based  on  previous  experience.  Source: 

W.A.  Burpee  and  Co.,  Chicago,  Illinois.  Crown  from  seed. 

These  five  species  provided  a  range  of  canopy  type,  cuticular  structure,  and  thickness. 
They  were  suitable  for  evaluating  phytotoxic  responses  to  obscurant  smokes  and  for 
evaluating  deposition  velocity  under  a  range  of  environmental  conditions.  Ponderosa  pine, 
short  needle  pine,  and  sagebrush  were  maintained  In  the  greenhouse  before  use.  These 
species  were  allowed  to  go  dormant  In  the  fall;  In  December,  the  greenhouse  temperature  was 
Increased  and  photoperiod  was  adjusted  artificially  to  break  dormanoy.  Before  their  experi¬ 
mental  use  In  the  spring,  groups  of  these  plants  were  transferred  to  growth  chambers,  where 
they  were  allowed  to  equilibrate  for  30  days  at  day/nlght  temperatures  of  32°C/21  °C,  a  16-h 
photoperiod  (approximately  500  mE  nr2  s’1,  PAR,  at  leaf  surface),  and  50%  relative  humidity. 
Bush  bean  was  planted  and  grown  In  growth  chambers  under  the  same  conditions.  Tall  fescue 
was  grown  from  seed  and  maintained  at  day/nlght  temperatures  of  27°/l5°C,  a  10-h 
photoperiod  (approximately  500  mE  nr2  a*1,  PAR,  at  leaf  surface),  and  50%  relative  humidity. 

Both  pine  species  were  grown  on  a  commercially  available  loam  soil,  while  the 
sagebrush,  tall  fescue,  and  bush  bean  were  grown  on  Burbank  silt-sand.  The  latter  were  used 
to  evaluate  direct  foliar-contact  toxicity,  and  at  no  time  was  the  soil  of  these  test  systems 
exposed  to  brass. 

2.8  PLANT/SQIL.MEASUREMENTS 
2.8.1  Foliar-Contact  Toxicity,  Rasponsas 

In  evaluating  direct  foliar-contact  toxicity,  plant  canopies  were  exposed  to  smokes 
under  a  range  of  concentrations,  times,  and  atmospherio  conditions.  In  all  cases,  soils  were 
Isolated  from  canopies  by  bagging  the  soil  containers  at  the  lower  plant  stem  to  preclude  any 
Indirect  effects  from  soil  contamination.  All  foliar  exposures  were  conducted  In  the  Illuminated 
portion  of  the  wind  tunnel  teut  section. 

Toxicity  responses  (those  that  are  readily  visualized  or  phenotypic)  from  direct  contact 
of  smokes  with  foliar  surfaces  were  evaluated  using  a  modified  Daubenmlre  (1959)  rating 
scale  (Table  2.4).  This  nonparametrlc  approach  provides  a  rapid  comparison  of  gross 
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TABLE  2.4.  CODING  FOR  MODIFIED  DAUBENMIRE  RATING  SCALE  AND  ASSOCIATED 
PHYTOTOXICITY  SYMPTOMS 


Symptom/Intensity 

Description 

Modified  Daubenmlre  Rating  Seale 

0 

no  obvloua  affaoti  ovar  oontrola 

1 

8%  of  plant  foliage  affaetad 

2 

8%  to  28%  of  foliage  affected 

3 

28%  to  50%  of  foliage  affeoted 

4 

80%  to  78%  of  follaga  affaetad 

6 

78%  to  96%  of  follaga  affaetad 

6 

98%  to  1 00%  of  foliage  affected 

Ehanotyplc  Responses 

OQA 

old  growth  effected 

NOA 

new  growth  affected 

OftNQA 

old  and  new  growth  affected 

TB 

leaf  tip  or  adga  burn 

LBD 

leaf  burn  and  leaf  drop 

NS 

necrotic  spotting 

LD 

leaf  ebacleelon  or  needle  drop 

Chi 

ehtoroaia 

BO 

blade  dlebaok 

LO 

leaf  curl 

W 

wilting 

QO 

growing  tip  dlebaok 

D 

plant  death 

F/SA 

floral  or  eeed/frult  abortion 

(value) 

Indlottae  the  length,  In  oantlmatara,  that  naadlaa 
or  leaves  exhibit  dlebaok  or  burn 

toxicity,  and  Its  relative  Intensity  with  time  of  post-exposure.  Grasses  that  were  harvested  3  to 
4  weeks  after  exposure  (direct-canopy  effects)  were  permitted  to  regrow  through  one  or  more 
subsequent  harvests,  and  dry  matter  production  was  monitored.  Regrowth  and  monitoring 
allows  any  residual  plant  effects  resulting  from  foliar  absorption  and  root  accumulation  of 
smoko  components  to  be  evaluated. 

2.8.2  PnotQBvnthetlc  Measurements 

Infrared  Gas  Analvzor  (IRGA1  Measurements.  Thu  exchange  of  C02  from  the  plants 
can  be  measured  by  an  IRGA.  A  gas-analysis  system  was  constructed  In  the  wind  tunnel 
facility;  a  simplified  schematic  of  Its  components  Is  givon  In  Figure  2.5. 
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FIGURE  2.5.  SCHEMATIC  DIAGRAM  OF  GAS-EXCHANGE  SYSTEM  USED  IN  MAKING 
NET-PHOTOSYNTHETIC  AND  DARK-RESPIRATION  MEASUREMENTS 

A  Horlba  Model  PIR2000  IRGA  In  the  absolute  configuration  was  used  to  measure 
differences  in  C02  concentration  (nL/L;  between  air  that  had  passed  through  the  plant 
chamber  and  the  original  filtered  outside  air.  To  minimize  environmental  differences,  the 
cylindrical  plexiglass  plant  chamber  (45  Ucm3)  was  placed  in  the  same  large  growth  chamber 
In  which  the  plants  were  maintained  during  the  exposure  series.  Plant-chamber  temperature 
was  maintained  within  ±1°C  of  that  of  the  growth  chamber.  Light  Intensity  at  canopy  level  In 
the  plant  chamber  was  -95%  of  that  of  the  growth  chamber  (400  m.E  nr2  s-1).  Flow  rates  (10 
L/mln)  and  back  pressures  were  used  to  calculate  rates  of  net  carbon  exchange  (NCE)  (jimol 
COg/second/plant).  Individual  plants  were  measured  before  exposure  and  at  various  times 
during  the  experiment.  Control  plants  not  exposed  to  brass  flake  were  also  measured 
Intermittently  over  this  period  to  provide  a  point  of  reference. 
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To  evaluate  plant-toxicity  responses  to  airborne  contaminants,  one  needs  a  basis  for 
Intercomparing  treatments  and  variables.  To  provide  a  specific  dose  value  for  each  plant,  In  all 
of  the  toxicity  studies  the  point  of  reference  is  the  mass-loading  value  or  exposure  dose,  as 
opposed  to  air  concentration  or  exposure  duration.  The  mass-loading  rate  Is  determined  by 
measuring  the  amount  of  brass  deposited  to  a  unit  area  or  weight  of  foliage. 

Brass-flake  foliar  mass  loading  was  determined  by  removing  exposed  foliar  tissue 
randomly  from  the  plants,  placing  the  tissue  In  a  nylon  mesh  bag,  and  washing  off  the  loose 
flake  with  a  mixture  of  -20%  (v/v)  ethanol:0.4%  TWeen  20:80%  water  and  filtering  the  leachate 
through  a  fiber  glass  filter  In  a  buchner  funnel.  The  washed  leaf  tissue  and  the  glass-filter  pad 
were  then  separately  extracted  with  1  N  nitric  add  and  analyzed  for  Cu  and  Zn  through  ICAR 
The  data  were  then  combined.  Additional  analysis  of  the  leaohate  following  filtration  showed 
that  all  of  the  material  was  trapped  In  the  filter. 

Mass  loading  to  soils  was  estimated  from  loading  to  soil  coupons,  following  which 
samples  of  known  surface  area  were  extracted  and  analyzed  for  Cu  and  Zn  with  the  proper 
controls.  Interception  efficiency  based  on  type  of  receptor  surface  (namely  the  type  of  oanopy 
struoture)were  quantified  from  computed  deposition  velocities.  The  velocities  are  calculated 
from  the  air  concentration,  exposure  duration,  and  the  quantity  of  brass  flake  deposited  per  unit 
surface  area.  Depositlon-veloolty  results  were  compared  for  exposure  variables,  Including 
duration  and  wind  speed. 

2.8.4  Post-Exposure  Simulated  Rainfall 

The  Intensity  of  phytotoxic  responses  to  foliar  contaminants  can  be  modified  by  the 
presence  or  absence  of  surface  moisture.  Immediately  following  exposure,  subsets  of  exposed 
plants  were  subjected  to  a  simulated  rainfall  (Figure  2.6)  equivalent  to  i  .0  cm,  as  described  in 
Cataldo  et  al.  (1981).  Simulated  rainfall  allowed  us  to  evaluate  both  the  ameliorating  effects  of 
foliar  surface  wash-off  and  any  Intensification  of  effects  caused  by  increased  foliar  uptake 
resulting  from  the  presence  of  surface  moisture. 
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The  effect  of  long-term  brass  weathering  on  soil  microbial  parameters  was  studied. 
Aliquots  of  soils  for  microbial  assays  were  taken  out  of  the  greenhouse  In  late  November  1988 
(150  days),  March  1989  (270  days),  and  September  1989  (420  days).  Soil  samples  for 
microbial  analysis  were  stored  at  49C  for  less  than  2  weeks,  before  microbial  assays  were 
performed.  Soil  moisture  contents  were  also  determined  (110°C,  48  h)  to  calculate  a  soil  dry 
weight  and  to  allow  results  to  be  reported  based  on  gram  dry  weight  of  soil. 

A  short-term  brass-flake  Incubation  study  was  performed  In  July  1989.  Soils  were 
amended  with  brass  flake  and  brought  to  the  desired  water  potential  In  the  same  manner  as  In 
the  long-term  pot  studies.  Soils  were  then  Incubated  at  ambient  room  temperature  (22°C)  until 
being  assayed  for  microbial  effects  at  4  and  28  days. 

A  third  study  was  performed  In  August  1989,  in  conjunction  with  the  mlxed-brass-and- 
fog-oll  (BR/FO)  aerosols  in  a  wind  tunnel  under  varied  wind  speeds.  Distilled  water  was  added 
to  large  petrl  dishes  (150  x  15  mm)  containing  50  g  of  air-dried  soil  to  bring  the  water  potential 
of  the  soil  to  -0.03  MPa.  Soils  were  exposed  to  the  BR/FO  mixed  smoke  for  1  h  at  wind  speeds 
of  0.9  m/s  (Test#  BR/FO-03)  and  4.5  m/s  (Test#  BR/FO-07).  Soli  moisture  lost  during  each 
exposure  was  measured  by  weight  loss  and  was  replaced  by  adding  deionized  water 
Immediately  after  the  exposure.  Average  moisture  losses  of  the  four  soils  were  3.83%  and 
7.36%  for  the  0.9  m/s  and  4.5  m/s  exposures,  respectively.  Soil  microbial  assays  were 
performed  Immediately  after  the  exposure  and  again  after  a  28-day  Incubation  at  ambient 
laboratory  temperature  (22°C). 

Soli  dehydrogenase  activity  was  assayed  by  a  modification  of  the  procedure  of 
Tabatabal  (1982).  Aliquots  of  soil  (1.5  g  wet  weight)  were  mixed  with  0.015  g  CaC03,  0.3  mL 
of  1%  glucose,  and  0.25  mL  of  the  substrate,  2,3,5-trlphenyltetrazollum  chloride  (3%  w/v).  After 
incubation  at  22°C  for  24  h,  10  mL  of  methanol  was  added  to  the  soil  to  stop  the  reaction  and 
to  extract  the  product,  2,3,5-trlphenylformazan  (TPF).  The  solution  was  mixed  thoroughly, 
centrifuged  at  12,000  x  g  for  10  min,  and  the  absorbance  of  the  supernatant  determined  at 
485  nm  on  a  Beckman  DU-50  spectrophotometer.  Soil  dehydrogenase  activity,  expressed  as 
micrograms  TPF  produced  per  gram  of  dry  soil  per  24  h,  was  determined  by  comparing 
absorbence  values  to  a  standard  curve  prepared  with  reagent-grade  TPF  and  methanol. 

Soil  phosphatases  activity  was  determined  by  a  modification  of  the  procedure  of 
Tabatabal  (1982)  for  add  phosphatase.  One  gram  of  soli  was  placed  In  15-mL  centrifuge 
tubes  with  4  mL  of  modified  universal  buffer  (MUB),  which  consists  of  0.605  g  trls  (hydroxy¬ 
methyl)  amino  methane,  0.580  g  maleic  acid,  0.70  g  citric  acid,  0.341  g  boric  acid,  and  24.4  mL 
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1  M  NaOH,  in  250  mL  final  volume  with  the  pH  adjusted  to  6.50.  One  milliliter  of  the  substrate, 
p-nitrophenol  phosphate  (0.025  M  prepared  with  MUB  buffer),  was  added  to  each  tube.  The 
tubes  were  stoppered,  vortexed,  and  incubated  for  one  hour  at  37°C.  One  milliliter  of  0.5  M 
CaCI2  and  4  mL  of  0.5  M  NaOH  were  added  to  the  tubes  to  stop  the  reaction."  The  mixtures 
were  centrifuged  at  12,000  x  g  for  10  min,  and  the  absorbance  of  supernatant  was  determined 
at  400  nm  with  a  spectrophotometer.  Phosphatase  activity,  expressed  as  micrograms  of 
p-nitrophenol  produced  per  gram  soil  per  hour,  was  determined  by  comparing  absorbence 
values  to  a  standard  curve  prepared  with  reagent-grade  p-nitrophenol. 

A  modification  of  the  procedure  of  Parkinson  and  Paul  (1982)  was  used  to  determine 
the  amount  of  adenosine  5'-triphosphate  (ATP)  in  soil.  One  gram  of  soil  was  placed  In  a  50-mL 
centrifuge  tube  with  5  ml  of  0.5  M  NaHC03  (pH  8.5)  and  15  mL  chloroform.  The  tubes  were 
stoppered  and  vortexed  on  high  speed  for  15  s.  Another  7.5  mL  of  0.5  M  NaHC03  was  added 
to  the  tube,  which  was  vortexed  for  an  additional  15  s.  The  mixtures  were  centrifuged  at 
3500  x  g  for  5  min  at  2‘C.  An  aliquot  of  the  top  aqueous  phase  (approximately  5  mL)  was 
removed  without  disturbing  the  lower  chloroform  and  soil  phases  and  transferred  to  a  10-mL 
tube.  Traces  of  chloroform  were  removed  from  the  extract  by  connecting  tubes  to  a  vacuum 
and  Incubating  the  extract  in  a  60°C  water  bath  for  at  least  1  min  or  until  the  larger  chloroform 
bubbles  disappeared.  The  tubes  were  sealed  with  parafilm  and  stored  at  -40°C  until  analysis. 
The  ATP  content  was  determined  by  adding  0.1  mL  of  sample,  0.4  mL  of  0.1  M  trls 
(hydroxymethyl)  amino  methane  (TRIS)  (pH  7.8),  and  0.1  mL  of  luclferln-luclferase  (ATP 
monitoring  reagent,  LKB/Wallace  catalog# 1243-200)  to  the  ATP  tube  (as  supplied  by  the 
manufacturer)  and  measuring  the  light  intensity  emitted  from  the  reaction  by  a  photometer 
(Pharmacia  LKB/Wallace  Model  1251  Luminometer).  Since  the  intensity  of  light  emitted  is 
proportional  to  the  concentration  of  ATP,  the  ATP  concentration  In  the  soil  extracts  were 
determined  from  an  ATP  standard  curve.  The  ATP  standard  curve  was  constructed  using 
reagent-grade  ATP  dissolved  In  0.5  M  NaHC03  (pH  8.5)  and  0.1  M  TRIS  In  the  same 
proportions  described  above. 

All  soil  dehydrogenase  and  phosphatase  activities  and  soli  ATP  concentrations  were 
measured  in  triplicate.  Mean  values  were  compared  with  that  of  the  control  (unexposed)  soil 
and  results  were  expressed  as  a  percent  of  the  control. 

Soil  microbial-species  diversity  was  determined  by  the  procedure  of  Atlas  (1984a)  and 
Atlas  and  Bartha  (1987).  Total  heterotrophic  bacteria  were  counted  on  Difco*  nutrient-agar 
plates.  The  species  diversity  index  was  then  determined  by  counting  the  different  types  of 
colonies  and  the  number  of  each  colony  type.  A  widely  used  measure  of  species  diversity  is 


*  Difco  is  a  registered  trademark  of  DHco  Laboratory,  Detroit,  Michigan. 
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the  Shannon-Weaver  index  (H),  which  is  a  general  diversity  index  sensitive  both  to  species 
richness  and  to  relative  species  abundance.  It  Is  calculated  according  to  the  equation 

H  -  C  x  (N  log10N  -  Xri|  log10nt)/N 


where  C»  3.321 9 

N  »  #  of  Individuals 

rij  a  #  of  Individuals  In  the  ith  species 

Soil  nitrifying  bacteria  were  enumerated  by  the  microtechnique  for  most-probable- 
number  (Rowe  et  al.  1977)  using  media  described  by  Alexander  and  Clark  (1965).  Ammonium 
-  calcium  carbonate  medium  for  Nltrosomonas  sp.  type  microorganisms  consisted  of  0.5  g 
(NH4)2S04, 1.0  g  K2HP04, 0.03  g  FeS04;7H20, 0.3  g  NaCI,  0.3  g  MgS04:7H20,  and  7.5  g 
CaC03  in  1000  mL  distilled  water.  Nitrite  -  calcium  carbonate  medium  for  Nltrobactersp.  type 
microorganisms  consisted  of  0.006  g  KN02, 1.0  g  K2HP04, 0.03  g  FeS04:7H20, 0.3  g  NaCI, 

0.1  g  MgS04:7H20, 0.3  g  CaCI2,  and  1 .0  g  CaC03  In  1000  mL  distilled  water.  The  media 
were  autoclaved  at  121°C  with  1 5  lb  pressure  for  30  min.  Aliquots  (0.4  mL)  were  transferred  to 
30  minltubes.  A  10-fold  serial  dilution  of  soil  was  prepared  with  sterile  0.85%  saline  solution. 
Five  tubes  were  Inoculated  with  0.1  mL  of  10"1  through  10*6  dilutions,  with  five  replicates  at 
each  dilution.  After  Incubation  for  6  weeks  at  room  temperature  In  the  dark,  tubes  containing 
ammonium-calcium  carbonate  medium  for  Nltrosomonas  sp.  were  tested  for  the  presence  of 
nitrite  and/or  nitrate,  using  the  modified  Qrless-lllosvay  and  nitrate  spot-teat  reagents  described 
by  Schmidt  and  Belser  (1982).  Positive  tests  for  nitrite/nitrate  In  these  tubes  indicate  the 
presence  of  Nltrosomonas  sp.  Tubes  containing  nitrite  -  calcium  carbonate  medium  were 
tested  for  nitrite.  A  negative  test  Indicated  the  presence  of  Nltrobactersp.  Populations  of  both 
groups  of  nitrifying  bacteria  were  calculated  using  a  most-probable-number  (MPN)  table 
(Alexander  1982)  and  were  presented  as  the  log10  of  the  MPN  per  gram  of  dry  soli. 

2.10  SOIL-INVERTEBRATE  ASSAY 

An  earthworm  ( Elsenla  fetlda )  blcassay  system  was  used  to  elucidate  the  toxicity  of 
the  brass  constituents.  An  artificial  soil  containing  350  g  sand,  100  g  kaolin,  and  50  g  dried 
peat  moss  (adjusted  to  pH  6.5  with  CaCOg),  was  used  both  for  culture  and  for  the  earthworm 
exposures.  Worms  were  fed  twice  weekly  with  fermented  alfalfa,  and  soil  moisture  was 
adjusted  to  35%  of  dry  weight.  Exposure  tests  used  80  g  of  the  artificial  soil  (placed  in  100-  x 
25-mm  petri  plates)  containing  five  mature  worms.  Three  replicate  plates  were  used  for  each 
test  series,  as  noted  In  the  text.  The  tests  were  terminated  after  14  days,  and  effects  were 
observed  over  this  period.  Effects  scored  Included  earthworm  mortality  and  simple  response 
to  physical  stimulus  (touching).  Mass  loading  or  dose  was  determined  on  similar  soil  plates 
without  worms. 
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3.0  RESULTS  AND  DISCUSSION 


The  environmental  fate  and  effects  of  brass  were  investigated  for  the  two  principal 
routes  of  biological  exposure,  airborne  deposition  of  brass  and  brass/fog-oil  obscurant 
mixtures  and  brass  weathering  In  soil.  Soils  were  amended  to  simulate  weathering  and 
potential  Impacts  from  deposition.  Aerosols  containing  brass  were  generated  and  charac¬ 
terized,  and  deposition  both  to  foliar  surfaces  and  to  soils  was  determined.  Impacts  of 
deposited  brass  were  assessed  based  on  their  contact  toxicity  to  vegetation.  Soil  amend 
ment  studies  were  performed  to  ascertain  weathering  rates  and  to  determine  the  effects  of 
different  brass  concentrations  on  plant  growth  and  on  soil  microbial  processes.  In  addition, 
soil  columns  were  used  to  determine  whether  brass  weathering  Influenced  the  migration  of 
Cu  and  Zn  through  soil  profiles. 

3.1  QB.S.GURMI.  (AERQSQL)  CHARAfiTERiZATlQN 

Brass  (BR)  and  brass/fog  oil  (BR/FO)  aerosol  obscurants  were  characterized  during 
each  test  to  provide  data  for  determinlning  applied  doses  and  calculating  particulate-matter 
deposition  rates,  or  deposition  velocities.  These  data  supported  three  series  of  plant,  soil, 
and  soil-microbiological  exposures  to  BR  and  BR/FO  aerosols  in  the  wind  tunnel.  Aerosol 
data  were  obtained  on  the  chemical  composition  of  the  aerosols,  aerosol  mass  concentra¬ 
tion,  and  concentrations  of  constituent  fractions  of  the  aerosols;  aerodynamic  particle  size 
distribution;  and  deposition  velocities  to  surrogate  surfaces  suspended  in  the  wind  tunnel  test 
section. 

3.1.1  Aerosol  Masa-CoocflntfaHon ,  and-Chsmlcal  CQjupnaltlon 

Aerosol  mass  concentration  and  the  mass  concentrations  of  the  constituents  brass 
and  brass/fog  oil  were  determined  from  gravimetric  and  chemical  analysis  of  aerosol 
samples.  Generated  singly,  brass  aerosols  were  close  to  the  target  value  of  1 00  mg/m3,  but 
during  mixed  BR/FO  tests,  because  of  recurrent  generator  failure,  the  concentrations  of  BR 
aerosol  were  significantly  lower  than  the  target  value.  The  concentration  of  FO  In  the  BR/FO 
aerosols  was  approximately  equal  to  the  500  mg/m3  target  level. 

The  first  stbp  in  determining  aerosol  mass  concentrations  was  to  analyze  the  chemical 
composition  of  the  filter  and  the  deposition  coupon.  Selected  samples  were  submitted  for 
analysis  to  provide  Information  on  the  percentages  of  the  total  collected  aerosol  masses 
consisting  of  Cu  and  Zn.  Table  3.1  lists  all  analyzed  aerosol  samples.  Data  were  corrected 
for  low  background  levels  of  Zn  and  Cu  In  the  sample  substrate,  but  these  corrections  were 
not  significant  for  determining  aerosol  concentrations.  Not  shown  directly  In  the  table, 
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TABLE  3.1.  CHEMICAL  COMPOSITION  OF  AEROSOL  SAMPLES 


Mass 

Cu  Mass 

Zn  Mass 

Cu 

zn 

Residual 

Test 

Sample  (mg) 

(mg) 

(mg) 

(%) 

(%) 

(%) 

BR-10 

F3 

2.65 

1.88 

0.624 

70,9 

23.5 

5.5 

F5 

2.75 

2.00 

0.657 

72.7 

23.9 

3.4 

SR-11 

F3 

2.34 

1.61 

0.640 

688 

27.4 

3.8 

BR-12 

F3 

2.39 

1.68 

0.523 

70,3 

21.9 

7.8 

F5 

2.22 

1.61 

0.517 

72.5 

23.3 

4.2 

BR-13 

F3 

1.13 

0.834 

0.299 

73.8 

28.8 

-0.3 

FS 

1.14 

0.870 

0.314 

76.3 

27.5 

-3.9 

BR/FO-03 

FS 

6.08 

0.122 

0.043 

2.0 

0.7 

97.3 

FS 

6.07 

0.068 

0.023 

1.1 

0.4 

98.5 

BR/FO-04 

FI 

3.23 

0.287 

0.115 

8.9 

3.5 

87.6 

F2 

S.70 

0.189 

0.074 

3.3 

1.3 

95.4 

F3 

6.68 

0.205 

0.082 

3.1 

1.2 

95.7 

F4 

6.30 

0.218 

0.080 

3.4 

1.3 

95.3 

F5 

6.05 

0.164 

0.060 

2.7 

1.0 

96.3 

F6 

5.93 

0.066 

0.022 

1.1 

0.4 

98.5 

BR/FO-05 

FI 

3.63 

0.371 

0.132 

10.2 

3.6 

86.2 

F2 

5.43 

0.230 

0,074 

4.2 

1.4 

94.4 

F3 

5.88 

0.204 

0.065 

3.5 

1.1 

95.4 

F4 

5.42 

0.212 

0.068 

3.9 

1.3 

94.6 

FS 

5.19 

0.196 

0.062 

3.8 

1.2 

95.0 

FS 

5.22 

0.223 

0.073 

4.3 

1.4 

94.3 

BR/FO-08 

FI 

2.62 

0.287 

0.093 

11.0 

3.6 

86.5 

F2 

3.24 

0.138 

0.043 

4.3 

1.3 

94.4 

F3 

3.87 

0.110 

0,037 

2.8 

0.9 

96.2 

F4 

4.24 

0.114 

0.038 

2.7 

0.9 

96.4 

FS 

4.28 

0.114 

0.037 

2.7 

0.9 

96.5 

FS 

3.83 

0.110 

0.036 

2.9 

0.9 

96.2 

BR/FO-07 

FI 

4.31 

0.772 

0.282 

17,9 

8.5 

75.5 

F2 

6.57 

0.627 

0.221 

9.5 

3.4 

87.1 

F3 

7.15 

0.636 

0.213 

8.9 

3.0 

88.1 

F4 

6.59 

0.631 

0.214 

9.6 

3.2 

87;2 

FS 

6.25 

0.653 

0.217 

10.4 

3.5 

86.1 

FS 

5.66 

0.388 

0.132 

6.9 

2.3 

90.8 

BR-10 

DC3 

8.25 

5.22 

1.98 

63.3 

24.0 

12.7 

DC7 

8.79 

3.84 

1.40 

56.6 

20.0 

22.8 

BR-11 

DC3 

4.55 

2.60 

0.895 

57.1 

19.7 

23.2 

DC7 

4.65 

2.44 

0.843 

52.5 

18.1 

29.4 

BR-12 

DC3 

3.32 

1.78 

0.588 

53.6 

17.7 

28.7 

DC7 

3.30 

2.02 

0.684 

61.2 

20.7 

18.1 

BR-13 

DCS 

2.12 

1.22 

0,438 

57,5 

20.7 

21.8 

DC7 

1.68 

0.973 

0.347 

57,9 

20.7 

21.4 

BR/FO-03 

DC2 

1.97 

0.454 

0.183 

23.0 

8.3 

68.7 

DC4 

1.97 

0.441 

0.159 

22.4 

8.1 

69.5 

BR/FO-04 

DC2 

4.66 

0.817 

0.298 

17.5 

6.4 

76.1 

DC4 

4.66 

0.829 

0.305 

17.8 

8.5 

75.7 

BR/FO-05 

DC2 

10.49 

1.804 

0.693 

17.2 

6.6 

76.2 

DC4 

9.54 

1.661 

0.635 

17.4 

6.7 

75.9 

BR/FO-06 

DC2 

11.83 

1.579 

0.608 

13.3 

5.1 

81.5 

DC4 

10.83 

1.593 

0.616 

15.0 

5.8 

79.2 

BR/FO-07 

DC2 

50.84 

10.25 

3.666 

20  2 

7.2 

72.6 

DC7 

64.34 

1"  45 

4.085 

21.1 

7.5 

71.4 

3.2 


the  ratio  of  Cu  to  the  total  mass  of  BR  (Cu  +  Zn)  In  the  aerosol  samples  was  0.740  ±  0.014. 

The  difference  between  the  total  mass  collected  and  the  sum  of  the  Cu  and  Zn  masses,  as 
percentages,  is  listed  as  residual  percentage.  Residual  percentage  includes  Impurities  in  the 
brass,  such  as  the  -1%  of  the  mass  that  is  stearic  add  and  other  impurities,  and  also  includes 
the  mass  of  FO  In  samples  from  the  BR/FO  tests. 

Isokinetic  aerosol  filter  samples  (F  In  the  table)  from  BR  tests  had  residual  levels 
ranging  from  -3.9  to  7.8%  of  the  total  collected  mass,  and  averaged  3  ±  4%.  The  difference 
between  this  residual  and  the  ~1%  brass  Impurities  was  slight,  and  was  attributed  to  meas¬ 
urement  errors.  No  loss  of  brass  mass  during  sample  handling  was  antldpated,  because  the 
filter  deposits  were  not  observed  to  detach  easily  from  the  substrate.  In  contrast,  the  residual 
levels  on  the  deposition  coupon  samples  (DC  on  the  table)  from  the  BR  testa  ranged  from  13 
to  29%,  and  averaged  22  ±  5%.  This  residual  was  not  caused  by  an  Increase  In  the  residual 
component  of  the  aerosol,  but  was  rather  an  artifact  of  the  analyses:  as  the  samples  were 
transferred  into  the  scintillation  vials  for  subsequent  chemical  analysis,  material  was  lost, 
because  the  brass  deposits  to  the  deposition  coupons  were  not  tightly  bound,  as  were  the 
deposits  to  the  Isokinetic  nozzle  filter  substrate.  In  summary,  the  difference  between  the  total 
sample  mass  and  the  total  brass  mass  In  each  sample  from  the  BR  tests  was  **1%,  the  level  of 
Impurities  in  the  brass  source. 

Residual  material  In  aerosol  samples  from  the  BR/FO  tests  was  much  greater  than  In 
those  from  the  BR  tests,  because  FO  was  present  in  the  BR/FO  aerosol  at  a  concentration 
from  4  to  60  times  greater  than  the  ooncentratlon  of  brass  aerosol,  because  of  the  adhesive 
characteristics  of  the  FO  on  the  deposition-coupon  samples,  loss  of  brass  from  the  samples 
during  transfer  to  vials  was  believed  to  be  minimized.  The  percentage  of  brass,  as  the  sum  of 
Cu  and  Zn,  decreased  throughout  each  BR/FO  test.  Initially,  the  concentration  of  brass 
ranged  from  12  to  24%  of  the  total  aerosol  mass  concentration.  However,  because  clogging 
problems  affected  the  performance  of  the  sonic-nozzle  brass-aerosol  generator,  the  rate  of 
aerosol  generation  decreased,  and  the  concentration  of  brass  declined  during  the  tests  to  a 
final  level  ranging  from  1 .5  to  9%  of  the  total  aerosol  mass  concentration.  The  average  FO 
aerosol  mass  concentrations  throughout  each  test,  assumed  to  be  approximately  equal  to  the 
residual  for  the  BR/FO  tests,  ranged  from  86  to  95%  of  the  total  aerosol  mass  concentration. 

Aerosol  mass-concentration  results  are  summarized  In  Table  3.2.  Wind  speed  and 
exposure  durations  are  Included  In  the  table  to  provide  Information  required  for  calculating 
deposition  velocities  to  both  surrogate  and  test-subject  surfaces.  Brass-aerosol  mass  con¬ 
centrations  ranged  from  132  to  177  mg/m3  during  the  BR  wind-speed  tests,  were  approxi¬ 
mately  90  mg/m3  during  the  BR  range-finding  tests,  and  ranged  from  19  to  83  during  the 
BR/FO  wind-speed  tests.  Uncertainty  limits  In  determining  aerosol  mass  concentration  were 
estimated  to  be  less  than  7%  from  potential  errors  in  aerosol-sample  air-flow  rates  and 
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gravimetric  procedures.  Uncertainty  limits  for  the  brass  concentrations  were  somewhat 
greater,  because  of  uncertainties  associated  with  measuring  the  decrease  In  brass-aerosol 
mass  concentration  that  occurred  as  the  brass-aerosol  generator  gradually  became  clogged 
during  the  BR/FO  wind-speed  tests. 


TABLE  3.2.  AVERAGE  AEROSOL  MASS  CONCENTRATIONS  DURING  EXPOSURE  TESTS 


Test 

Wind 

Speed 

(m/s) 

Exposure 

Duration 

(min) 

Maas 

Concentration 

(mg/m3) 

BR 

Concentration 

(mg/m3) 

FO 

Concentration 

(mg/m3) 

BR  Wind  Speed 

BR-10 

4.49 

60 

133  ±9 

132 

0 

BR-11 

2.69 

60 

154  ±11 

152 

0 

BR-12 

1.77 

60 

157  ±11 

155 

0 

BR-13 

0.87 

60 

179  ±13 

177 

0 

BR  Range  Finding 

BR-16 

0.88 

120 

90  ±6 

89 

0 

BR-17 

0.89 

240 

93  ±7 

92 

0 

BR-18 

0.87 

360 

95  ±7 

94 

0 

BR-19 

0.86 

480 

92  ±6 

91 

0 

BR/FO  Wind  Speed 
BR/FO-03  0.91 

60 

600  ±  40 

-30 

-570 

BR/FO-04 

1.78 

62 

570  ±  40 

26  ±10 

540 

BR/FO-05 

2.65 

60 

515  ±35 

32  ±9 

480 

BR/FO-06 

4.46 

30 

360  ±  25 

19  ±  9 

340 

BR/FO-07 

4.56 

80 

610  ±45 

83  ±17 

530 

Failure  to  attain  target  concentrations  of  brass  In  the  aerosols  generated  during  the 
BR/FO  exposure  tests  was  not  thought  to  greatly  Impact  the  deposition-rate  aspects  of  the 
experiments.  Greater  relative  concentrations  of  brass,  compared  with  the  concentrations  of 
FO,  would  likely  provide  Increased  deposition  mass  loadings,  but  the  calculation  for  deposi¬ 
tion  velocity  would  have  provided  results  similar  to  those  reported  here.  This  conclusion  was 
based  on  the  observation  that  FO  deposits  on  collection  surfaces  coated  brass  deposits  and 
thus  reduced  the  resuspension  rates  of  brass  particles. 

We  anticipated  that  the  composition  of  the  BR/FO  aerosols  would  change  as  a  function 
of  particle  size.  This  conclusion  was  supported  by  initial  measurements  that  indicated  the 
aerodynamic  mass  median  diameter  of  BR  to  be  -5  4m  and  tnat  of  FO  between  2  and  3  pm. 
One  particie-size-dlstrlbution  sample,  from  test  BR/FO-04,  was  submitted  for  chemical 
analysis.  The  results  of  this  analysis,  shown  in  Table  3.3,  Indicate  that  the  composition  of  the 
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collected  braes  particles  was  similar  to  that  collected  in  the  other  aerosol  samples  (Table  3.1). 
The  ratio  of  Cu  to  total  brass  mass,  0.74  ±  0.01 ,  was  equal  to  the  ratio  determined  from  the 
other  aerosol  samples.  The  largest  ratio  measured  was  0.76,  at  stage  6  of  the  cascade 
Impactor.  Rather  than  Indicating  a  change  In  the  Cu:Zn  ratio  as  particle  size  decreases,  this 
result  most  likely  reflects  measurement  uncertainty,  as  only  0.04  mg  of  BR  were  collected  at 
that  Impactor  stage.  Brass  was  collected  primarily  In  the  upper  four  stages  of  the  Impaotor, 
Indicating  that  It  was  composed  of  relatively  large  particles.  Brass/fog  oil  was  collected  In  the 
middle  impactor  stages,  indicating  that  it  was  composed  of  smaller  partlole 


TABLE  3.3.  CHEMICAL  COMPOSITION  OP  SIZE-SEGREGATED  AEROSOL  SAMPLES 

COLLECTED  USING  AN  ANDERSEN  CASCADE  IMPACTOR  -  TEST  BR/FO-04 


Particle  Size 
(pm) 

Impactor 

Stage 

Mass 

(mg) 

Cu  Mass 

(mg) 

Zn  Mass 

(mg) 

Cu 

<%) 

Zn 

(%) 

Fog  Oil 
(%) 

10.0 

0 

0.69 

0.182 

0.067 

26.4 

9.7 

63.9 

6.34 

1 

1.71 

0.320 

0.120 

18.7 

7.0 

74.3 

4.4 

2 

2.07 

0.174 

0.062 

8.4 

3.0 

88.6 

3.0 

3 

7.81 

0,224 

0.081 

2.9 

1.0 

96.1 

1.90 

4 

10.56 

0.093 

0.031 

0.9 

0.3 

98.8 

0.94 

5 

7.19 

0.031 

0.010 

0.4 

0.1 

99.4 

0.57 

6 

0.95 

0.000 

0.000 

0.0 

100.0 

0.38 

7 

0.14 

0.000 

0.000 

0.0 

100.0 

0.00 

F 

0.11 

0.000 

0.000 

0.0 

0.0 

100.0 

sizes.  Figure  3.1  shows  the  particle  size  distribution  of  the  BR/FO  aerosol  as  functions  of 
mass  (x),  brass  (+),  and  fog  oil  (*).  The  aerodynamic  mass  median  diameter  of  the  aerosol 
was  similar  to  that  of  the  FO,  "*2.5  urn,  because  -95%  of  the  aerosol  consisted  of  FO  at  the 
time  the  Impactor  sample  was  obtained.  The  AMMD  of  the  brass  constituent  of  the  aerosol 
was  5.9  pm. 

3.1.2  Aerosol  Particle  Size  Distribution 

The  aerosol  particle  size  distribution  In  the  wind  tunnel  during  exposure  tests  was 
determined,  as  described  In  Section  2.4.2,  as  the  aerodynamic  mass  median  diameter 
(AMMD)  and  the  geometric  standard  deviation  (GSD).  This  section  presents  results  of  particle 
size  distributions  determined  from  total  particulate  mass  deposited  to  the  various  stages  of 
Andersen  cascade  impactors  during  BR  and  BR/FO  tests.  Results  of  an  analysis  of  the 
relative  components  of  the  particle  size  distribution  during  test  BR/FO-04  were  discussed 
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above  (Section  3.1,1).  Brass  particles  analyzed  using  SEM  were  plate-llke  in  shape,  having 
the  dimensions  described  above  (Section  2.3.1).  In  contrast,  FO  particles  were  spherical  oil 
droplets.  In  general,  the  particles  in  BR  aerosols  had  greater  aerodynamic  sizes  than  those  In 
FO  aerosols.  The  AMMDs  of  brass  aerosols  were  approximately  5  to  6  nm,  while  those  of  FO 
aerosols  were  shown  by  Cataldo  (1989)  to  be  approximately  2  to  3  nm.  The  dry  brass 
particles  also  were  thought  to  have  different  surface-attraction  characteristics  than  the  liquid 
FO  droplets,  Thus  the  transport  and  deposition  characteristics  of  the  two  obscurant  aerosols 
were  not  expected  to  be  similar. 

We  Investigated  the  effectiveness  of  sampling  brass,  FO,  and  BR/FO  aerosols  with  the 
cascade  Impactors,  because  of  the  relatively  large  AMMD  of  brass  aerosols.  Sampling  losses 
were  possible  both  In  the  Inlet  and  on  Interstage  surfaces  within  the  Impactors. 


FIGURE  3.1.  AEROSOL  PARTICLE  SIZE  DISTRIBUTION  OF  TOTAL  MASS  (X), 
BRASS  (+),  AND  FOG  OIL  (•)  COMPONENTS  OF  THE  AEROSOL 
DURING  TEST  BR/FO-04. 
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Excessive  losses  could  cause  reported  AMMDs  to  be  less  than  the  actual  values.  Overall 
sampling  losses  were  determined  by  comparing  the  aerosol  mass  concentration  from  the 
Isokinetic  aerosol  sampling  nozzle  to  that  calculated  by  summing  all  mass  collected  on  each 
impactor  and  dividing  by  the  volume  sampled.  Results  of  this  comparison  showed  that,  while 
measurable  sampling  losses  occurred  when  sampling  brass  aerosols,  these  losses  did  not 
greatly  bias  the  reported  AMMD.  Excluding  4  of  27  samples  of  brass  aerosol,  the  sampling 
effectiveness  of  the  Impactor  procedure  was  shown  to  be  92  ±  7%.  Thus,  losses  were  limited 
to  -8%.  For  the  single  measurement  of  a  fog-oil  aerosol,  the  effectiveness  was  100%.  For  8 
of  9  mixed  BR/FO ;  erosols,  sampling  effectiveness  was  96  ±  4%.  Five  tests  were  excluded 
from  consideration  because  of  stage  overloading,  unusual  aerosol-generation  procedures,  or 
test  relative  humidity  being  significantly  different  from  the  norm.  These  results  indicate 
Increasing  sampling  losses  as  particle  size  Increases.  To  determine  the  effect  of  sampling 
losses  on  the  reported  AMMD  of  brass  aerosols,  mass  equal  to  the  measured  losses  was 
added  to  the  top  four  and  the  top  two  Impactor  stages  (the  locations  where  these  larger 
particles  Ideally  would  be  expected  to  deposit).  Under  the  worst  assumed  case,  the  reported 
results  were  0.3  pm  less  than  what  actually  existed  in  the  wind  tunnel.  Under  a  more 
reasonable  case,  the  difference  was  only  0.1  pm.  The  corresponding  change  In  GSD  was 
only  an  Increase  of  0.03  for  the  worst  case.  The  reported  AMMD  results  therefore  were 
judged  to  be  within  0.1  to  0.3  pm  of  the  true  AMMDs  of  the  aerosols  In  the  wind  tunnel. 

Results  of  particle  size  distributions  measured  during  trial  and  exposure  tests  are 
shown  in  Table  3.4.  Figures  3,2  through  3,4  show  selected  aerosol  particle  size  distribution 
plotted  as  aerodynamic  particle  diameter  versus  cumulative  percent.  Result  of  the  trial  tests 
showed  the  Influence  of  the  brass  sonic-nozzle  aerosol  generator's  operating  conditions  on 
resultant  aerosol  particle  size  distribution  (tests  BR-01  through  BR-03).  No  effect  on  particle 
size  was  measured  for  a  range  of  relative  humidities  (tests  BR-03  through  BR-05),  even 
though  fog  droplets  were  present  In  the  aerosol  during  the  third  sampling  period  of  BR-04. 
Test  BR-02  showed  AMMD  to  be  7.1  pm  downwind  of  the  sonic-nozzle  aerosol  generator  but 
-5.8  ±  0.2  pm  at  the  test  section.  This  difference  was  the  result  of  the  large  agglomerated 
particles,  those  not  completed  dispersed  In  the  generator,  settling  In  the  slow-velocity  air  flow 
through  the  return  loop  of  the  wind  tunnel.  During  the  BR  wind  speed  tests  the  average 
AMMD  was  5.3  ±  0.3,  the  average  GSD,  1 .8  ±  0.0.  During  the  BR  range-finding  tests  the 
average  AMMD  was  5.1  ±  0.3,  the  average  GSD,  1 .85  ±  0.1 .  During  the  BR/FO  wind  speed 
test  series  the  average  AMMD  was  2.7  ±  0.2,  the  average  GSD,  1 ,75  ±  0.09.  The  AMMD 
decreased  during  the  BR/FO  tests  because  FO  predominated  in  the  aerosol  mixture  (see 
Section  3.1 .1).  A  possible  decrease  of  ~0.5  pm  In  the  AMMD  of  brass  aerosols  with 
Increasing  wind  speed,  If  real,  likely  was  due  to  Increased  preferential  Impaction  of  the  >5  pm 
particles  on  the  test  subjects,  turning  vanes,  and  other  surfaces.  No  such  trend  was  observed 
for  the  smaller  AMMDs  In  the  BR/FO  aerosols. 
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TABLE  9.4.  AEROSOL  PARTICLE  SIZE  DISTRIBUTIONS  FOR  BR  AND  BR/FO  TESTS 


Test 

Wind  Speed 

(m/a) 

Relative 

Humidity 

(%) 

Aerosol  Cono. 
During  Sample 
(mg/m3) 

AMMD 

(pm) 

OSD 

BRTrlik 

BR-01 

-0.9 

30 

30 

5.9 

1.8 

6.0 

1.8 

BR-02 

-0.9 

25 

20 

5.6 

1.8 

8.7 

1.8 

7,1 

1.8 

BR-03 

-0.9 

23 

170 

5.6 

1.8 

5.8 

1.8 

BR-04 

0.93 

68 

220 

5.4 

1.8 

5.3 

1.9 

5.3 

1.9 

BR-05 

0.97 

45 

210 

5.2 

1.9 

BR-06 

4.67 

46 

240 

5.2 

1.8 

BR-07 

2.70 

44 

270 

5,7 

1.8 

BR-06 

0.91 

44 

240 

5,5 

1.8 

BR-14 

0.89 

53 

90 

4.7 

1.9 

5.0 

1.8 

BR-16 

0.74 

58 

260 

8,0 

1.9 

BR  WlndSaMd 

BR-10 

4.49 

45 

130 

5.0 

1.8 

BR-11 

2.69 

47 

150 

5.1 

1.8 

BR-1 2 

1.77 

46 

160 

5.4 

1.8 

BR-13 

0.87 

46 

180 

5.0 

1.8 

5.6 

1.8 

8.8 

1.8 

BELflinaB-FIndlng 

BR-16 

0.86 

46 

90 

5.6 

1.9 

BR-17 

0.89 

47 

93 

4.9 

1.9 

BR-16 

0.87 

45 

95 

5.0 

1.8 

4.0 

1.8 

BR-19 

0.86 

46 

92 

5.1 

1.9 

BEVFQTrlili 

BR/FO-T1  (BR  only) 

0.88 

38 

90 

5.7 

1.8 

BR/FO-T2  (BR  only) 

1.98 

46 

-100 

5.2 

1.8 

BR/FO-T3  (FO  only) 

1.81 

45 

540 

2.2 

1.7 

BR/FO-OI 

1.84 

46 

640 

3.0 

1.8 

BR/FO-02 

2.76 

45 

700 

2.5 

1.7 

BflZFO  Wind  Solid 

BR/FO-03 

0.91 

51 

660 

2.6 

1.8 

BR/FO-04 

1.78 

46 

570 

2,9 

1.7 

630 

2.6 

1.8 

600 

2.3 

1.7 

BR/FO-05 

2.65 

44 

520 

2.6 

1.8 

BR/FO-06 

4.48 

47 

410 

2.8 

1.6 

BR/FO-07 

4.56 

47 

660 

3,0 

1.8 

3.B 


FIGURE  3.2.  AEROSOL  PARTICLE  SIZE  DISTRIBUTIONS  MEASURED  DURING  TESTS 
BR-12  AND  BR-13,  TWO  OF  FOUR  BRASS  WIND  SPEED  TESTS 
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FIGURE  3.3.  AEROSOL  PARTICLE  SIZE  DISTRIBUTIONS  MEASURED  DURING  TESTS 
BR-1 8  AND  BR-19,  TWO  OF  FOUR  RANGE-FINDING  TESTS 
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FIGURE  n.4  AEROSOL  PARTICLE  SIZE  DISTRIBUTIONS  MEASURED  DURING  TESTS 
BR/FO-04  AND  BR/FO-06,  TWO  OF  FOUR  WIND-SPEED  EXPOSURE  TESTS 
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The  aerodynamic  size  distributions  of  brass,  fog  oil,  and  BR/FO  aerosols  were 
measured  to  provide  information  most  suitable  for  characterizing  the  transport  and  deposition 
of  their  constituent  particles  to  the  surfaces  of  test  subjects.  An  alternate  measure  of  average 
particle  size,  count  median  diameter  (CMD),  also  was  calculated  from  the  AMMD  and  GSD 
results.  CMD  provided  information  on  the  actual  physical  size  of  particles  In  the  aerosols. 

The  CMDs  of  aerosols,  based  on  the  average  AMMD  and  GSD  information,  were  determined 
using  the  Hatch-Choate  conversion  equation  (Hinds  1982): 

CMD  -  [CC(AMMD)  +  (S.  G,)1/2Me3ln2Q8D). 

In  the  equation,  CMD  and  AMMD  are  In  units  of  length,  S.  G.  is  the  specific  gravity  of  the 
particles,  and  GSD  is  dimensionless.  Particle  specific  gravity  was  8.6  (BR),  0.8  (FO),  and  1.0 
to  2.4  (BR/FO),  Results  of  this  analysis  Indicate  that  the  DMDs  of  the  aerosols  were  0.6  pm 
(BR/FO).  As  the  actual  median  physical  size  of  particles  In  the  aerosols,  CMD  represents  the 
particle  size  for  which  exist  equal  numbers  of  particles  having  smaller  and  larger  diameters 
than  the  CMD.  This  differs  from  the  AMMD,  which  represents  the  particle  size  for  which  equal 
particulate  mass  Is  distributed  among  particles  having  smaller  and  larger  aerodynamic 
diameters  than  the  AMMD.  CMD  is  the  more  useful  size  parameter  for  comparing  optical 
characteristics  of  most  spherical  particle  aerosols.  It  should  be  noted,  however,  that  the 
predicted  CMD  for  the  flake*shr.|'od  brass  particles  differs  greatly  from  the  actual  dimension 
(<0.5  to  20  pm  in  surface  dimension,  and  O.S  ±  0.25  pm  In  edge  thickness),  because  the 
nonspherical  shape  of  the  brass  particles  results  in  smaller  aerodynamic  size  than  would  be 
the  case  If  the  same  particle  mass  was  Incorporated  into  a  spherical  particle. 

3.1.3  Aaroaoi  Deposition  Velocity  ..tfl..Suacflndad  Surrogate  Surfaces 

Deposition  velocities  of  BR  and  BR/FO  aerosols  were  measured  during  trial  and 
exposure  tests.  The  relative  concentrations  of  brass  and  FO  during  the  BR/FO  tests 
(Table  3.2)  and  the  percentages  of  deposits  as  brass  and  FO  (Table  3.1)  were  also  used  to 
determine  the  specific  deposition  velocities  for  both  components  of  the  aerosol.  Deposition 
velocity  results  are  shown  in  Figure  3.5.  The  deposition  velocities  based  on  particulate  mass 
are  shown  In  the  upper  figure,  and  those  based  on  the  specific  component  in  the  lower  figure. 
The  amount  of  particulate  matter  and  specific  components  depositing  to  the  coupons  was 
observed  to  be  a  function  of  both  the  aerosol  composition  and  the  wind  speed.  Uncertainty 
limits  were  estimated,  where  possible,  by  considering  experimental  errors  and  replicate  data 
variability.  Deposition  velocity  results  generally  increased  exponentially  with  increasing  wind 
speed  from  0.9  to  4.5  m/s;  deposition  velocities  ranged  from  0.9  to  0.4  cm/s  for  the  brass 
aerosol,  and  from  0.03  to  0.6  cm/s  for  the  BR/FO  aerosol.  The  deposition  velocities  of  the 
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brass  and  FO  components  of  the  BR/FO  aerosols  also  Increased  with  Increasing  wind  speed; 
deposition  velocities  ranged  from  0.2  to  1.6  cm/s  for  the  brass  component,  and  from  0.02  to 
0.5  cm/s  for  the  FO  component.  The  exception  to  this  trend  was  the  deposition  rate  of  the 
brass  aerosol  generated  In  the  absence  of  FO  and  at  the  fastest  tested  wind  speed.  At  4.5 
m/s,  the  deposition  velocity  of  brass  was  approximately  equal  to  that  at  2.7  m/s.  This  likely 
was  because  of  resuspension  of  the  dry  brass-powder  deposits  on  the  deposition  coupons 
exposed  to  4.5  m/s  winds,  in  contrast,  the  deposition  velocity  of  the  brass  component  of 
BR/FO  aerosols  indicated  a  continued  Increase  as  wind  speed  was  Increased  from  2.7  to  4.5 
m/s.  This  was  attributed  to  the  adhesive  Influence  ot  FO  on  the  deposited  BR  flakes. 
Deposition  velocities  of  brass  Increased  an  average  of  2.0  times  at  wind  speeds  of  0.9  to  2.7 
m/s,  and  4.0  tlmos  at  a  wind  speed  of  4.5  m/s,  as  a  result  of  the  presence  of  FO  In  the  mixed 
aerosol.  Deposition-velocity  results  for  the  FO  component  of  the  mixed  BR/FO  aerosols  were 
not  significantly  influenced  by  the  brass  component,  and  were  similar  to  results  reported  by 
Cataldo  et  al.  (1989)  for  FO  aerosols.  In  both  studies,  measured  FO  deposition  rates 
increased  from  0.02  to  0.05  cm/s  as  wind  speed  Increased  from  0.9  to  4.5  m/s. 
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FIGURE  3.5.  DEPOSITION  VELOCITIES,  Ud,  TO  HORIZONTALLY  SUSPENDED  47  mm 
COUPONS  FOR  BRASS,  BRASS/FOG  OIL,  AND  THE  BRASS  AND  FOG  OIL 
COMPONENTS  OF  THE  AEROSOLS 
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Vegetation  Masa  Loading  During  Wind-Speed  Testa:  Brass  Flake.  Plants  were 
exposed  to  brass  concentrations  of  approximately  150  mg/m3  for  60  min  at  50%  RH  and  a 
wind  speed  of  either  2  (BR-13;  0.9  m/s),  4  (BR-12;  1 .8  m/s),  6  (BR-11 ;  2.7  m/s),  or  1  o  (BR-10; 
4.5  m/s)  mph.  Following  exposure,  the  leaves  were  sampled  by  washing  them  with  a  20% 
EtOH  (v/v),  1%  Tween-20  (v/v)  solution  and  trapping  the  flake  on  a  fiber  glass  filter.  Both  the 
filter  and  the  washed  leaf  were  further  extracted  In  0.01  N  HNO3,  The  extracts  were 
combined  and  analyzed  using  an  ICAP  analyzer. 

Foliar  mass  loading  between  species  and  within  species  at  the  different  wind  speeds 
varied  markedly  in  this  test  series.  The  results  given  In  Table  3.5  show  generally  that  with 

TABLE  3.5.  FOLIAR  MASS  LOADING  OF  BRASS  FLAKE  TO  VEGETATION  DURING  WIND 
SPEED  TESTS.  TOTAL  DURATION  OF  EXPOSURE  WAS  60  MINUTES  AT  50% 
RELATIVE  HUMIDITY. 


Special 

Wind  Spaad 

(iWt) 

Foliar  Maai  Loading 
(lig/cm^SD,  n  «  6) 

Buah  Baan 

0.9 

84.30  ±  14.40 

1.8 

149.72  ±  37.06 

2.7 

305.8  ±  105.47 

4.S 

443.94  ±  72.04 

Sagebruah 

0.9 

193.71  *  31.54 

1.8 

444.07  ±  44.28 

2.7 

850.70  ±  81.84 

4.5 

1095.40  ±  302.06 

Pondaroaa  Pine 

0.9 

243.86  ±  50.93 

1.8 

822.49  ±  133.18 

2.7 

443.25  t  84.08 

4,5 

237,01  ±  58.55 

Short-Naadla  Pina 

0.9 

283.78  ±  45.76 

1.8 

694.11  ±  164.83 

2.7 

648.51  ±  129.92 

4.5 

400.94  ±  153.79 

Tall  Faarje 

0.9 

79.83  ±  7.90 

1.8 

238.68  ±  15.44 

2.7 

240.39  ±  38.40 

4.5 

291.85  ±  72.34 
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increasing  wind  speed  a  corresponding  Increase  in  mass  loading  occurs,  as  had  been  seen 
in  all  previous  smokes  experiments.  However,  the  highest  loading  for  some  of  the  species, 
most  notably  the  pines,  appeared  to  peak  at  a  lower  wind  speed,  that  of  1.8  m/s  (4  mph). 

There  Is  an  Increase  at  1.8  m/s  over  the  0.9  m/s  (2  mph)  for  the  ponderosa  and  short  needle 
pines,  but  this  decreases  at  2.7  m/s  (6  mph),  and  further  decreases  at  4.5  m/s  (10  mph). 

While  both  the  bush  bean  and  the  tall  fescue  generally  showed  increased  mass  loading  at 
the  higher  wind  speeds,  the  increases,  particularly  at  the  highest  speed  (4.5  m/s),  were  not  as 
large  as  had  been  routinely  seen  at  similar  speeds  with  the  other  smokes  (Van  Vorls  et  al. 
1987;  Cataido  et  al.  1989, 1990a, 1990b).  Only  the  sagebrush  appeared  to  follow  the 
previously  observed  pattern. 

Poss'ble  reasons  for  these  observations  are  related  both  to  the  nature  of  the  material 
itself  and  to  the  .  <rface  features  of  each  species.  First,  the  dry  powdery  nature  of  the  material 
made  It  very  difficult  to  sample  the  foliage  without  disturbing  the  layers  and  knocking  some 
off,  particularly  when  the  loading  was  heavier  and  for  those  plants  with  narrow  and  smooth¬ 
surfaced  leaves  (l.e.,  the  pines),  This  accounts  in  part  for  the  high  variations  (standard  devia¬ 
tions)  In  the  sample?.  The  higher  wind  speeds  also  may  have  resuspended  the  material,  and 
therefore  may  have  prevented  higher  accumulations  from  occurring.  The  tail  fescue  received 
the  lowest  mass  loading,  This  species,  being  smooth-surfaced  and  possessing  a  canopy 
frequently  oriented  vertically  to  the  wind,  and  being  capable  of  great  flexion  and  torsion  in  the 
wind  (especially  In  the  larger  plants  with  longer  leaves),  apparently  prevented  large 
accumulations  of  the  dry  material  to  form.  This  species  also  received  the  lowest  mass 
loading  in  previous  studies  of  the  other  smokes.  The  bush  bean  has  surfaces  that  are 
oriented  horizontally  to  the  wind  direction  and  possesses  a  somewhat  roughened  surface, 
thus  being  able  to  retain  the  powdery  material  better.  It  should  be  noted  that  the  greatest 
accumulations  on  these  leaves  were  along  the  raised  features  caused  by  the  veinatlon  within 
the  lamins  of  the  leaves,  where  the  greatest  eddies  could  be  expected  to  occur.  The  very 
rough  and  "hairy"  surface  of  the  sagebrush  with  its  waxy  projections  from  the  leaf  appeared  to 
be  the  most  efficient  In  trapping  the  material  from  the  atmosphere,  and  therefore  showed  the 
greatest  loading  values  at  the  higher  wind  speeds. 

Vegetation  Mass  loading  Purina  Wind  Speed  Tests:  Brass  Flake/Foo  Qll.  The 
potential  for  increased  brass-flake  deposition  to  vegetation  during  cogeneration  with  fog  oil 
was  explored  during  the  brass-flake/fog-oll  test  series.  These  wind-speed  trials  were 
designed  to  provide  atmospheric  concentrations  of  approximately  100  mg/m3  brass  flake  and 
500  mg/m3  fog  oil.  In  actuality,  atmospheric  brass-flake  concentrations  were  *25  to  30%  of 
this  level.  The  highest  wind-speed  run  (4.5  m/s)  was  cut  short  because  the  generator  failed. 
This  run  was  only  30  min,  as  opposed  to  the  60-min  durations  of  the  other  wind-speed  tests. 
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It  Is  interesting  to  compare  the  results  for  foliar  mass  loading  for  the  plants  exposed  to 
BFVFO  (Table  3.6)  with  those  exposed  to  brass  flake  alone  (Table  3.5).  At  the  lower  wind 
speeds,  0.9  and  1.8  m/s,  foliar  mass  loadings  are  comparable  to  those  of  the  brass  flake 
alone  for  all  of  the  species  tested,  even  though  the  actual  atmospherlo  brass  concentrations 
were  approximately  15  to  20%  of  those  of  the  previous  wind-speed  experiment.  This 
indicates  that  the  presence  of  fog  oil  affects  brass  deposition  or  retention. 

TABLE  3.6.  FOLIAR  MASS  LOADING  OF  BRASS  FLAKE  TO  VEGETATION  DURING 

BRASS/FOG  OIL  WIND-SPEED  TESTS.  TOTAL  DURATION  OF  EXPOSURE 
WAS  60  min  AT  50%  RELATIVE  HUMIDITY.  DATA  ARE  EXPRESSED  AS 
AVERAGES  ±  SD  (n  -  3). 


Species 

Wind  Speed 
(nvatc) 

Brass  (Zn  +  Cu) 

Foliar  Mass  Loading 
( Mfl/om2) 

Bush  Bean 

0.9 

38.51  ±1.30 

1.8 

143.68  ±38.42 

2.7 

592.38  ±293.41 

4.5 

376.65  ±26.69 

Sagebrush 

0.9 

11 2.92  ±45.75 

1.8 

457.99  ±92. 17 

2.7 

1342.92  ±71 8.90 

4.5 

91 9.67  ±134.68 

Ponderosa  Pine 

0.9 

317.44±132.16 

1.8 

1382.32  ±226.05 

2.7 

2522.78  ±542.74 

4.5 

2187.34  ±716.08 

Short-Needle  Pine 

0.9 

499.87  ±97.59 

1.8 

745.83  ±158.70 

2.7 

2515.50  ±549.61 

4.5 

1 733.08  ±504.55 

Tall  Fescue 

0.9 

43.13  ±12.14 

1.8 

488.12  ±164.23 

2.7 

554.37  ±7.79 

4.5 

316.51  ±111.55 
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At  the  next  higher  wind  speed  (2.7  m/s),  the  average  mass  loadings  tor  all  species  are 
higher  compared  with  brass  alone,  with  significant  elevations  in  the  pines  (2522  and  2515 
|ig/cm2  versus  443  and  547  for  the  ponderosa  and  short-needle  pines,  respectively, 

Tables  3.5  and  3.6).  This  Is  similar  to  what  was  observed  In  the  mixed-smokes  scenarios 
(Cataldo  et  al.  1990b),  where  the  effect  was  attributed  to  the  taller  canopy  structure  and  the 
denser  fine  needle  structure  creating  more  eddies  in  the  wind  stream,  permitting  a  higher 
likelihood  of  surface  contact  and  deposition.  These  same  plants  usually  showed  higher  fog- 
oil  deposition  in  the  past.  This  also  apparently  would  aid  In  the  retention  of  the  brass  flake  on 
the  leaf  surfaces. 

At  the  highest  wind  speed  tested,  4.5  m/s,  there  was  an  apparent  decrease  In  the  foliar 
mass  loading  (Table  3.6).  However,  as  noted  above,  the  duration  of  the  experiment  was  only 
30  min,  as  opposed  to  the  previous  60  min.  Further,  the  atmospheric  concentration  during 
this  time  was  only  1 9  mg/m3,  or  -66%  of  that  of  the  other  BR/FO  runs. 

Vegetation  Mass  Loading  Purina  Ranee-Finding  Tests:  Brass  Flake.  The  range- 
flnding-experlment  test  series  was  used  to  follow  continued  deposition  to  the  foliage  over 
extended  periods  (8  h)  under  similar  environmental  conditions.  It  also  was  used  to  determine 
the  persistence  of  the  brass  flake  material  following  a  simulated  rainfall.  The  results  of  the 
foliar  mass  loading  and  leaching  for  these  experiments  are  given  In  Table  3.7. 

The  results  once  again  Indicated  a  higher  mass  loading  to  the  pine  species,  followed 
by  sagebrush,  bush  bean,  and  tall  fescue,  as  noted  for  the  BR/FO  tests.  There  were  general 
Increases  with  time  of  exposure  In  all  species.  These  appear  to  be  fairly  constant  when  the 
sampling  errors  are  considered.  The  overall  values  are  lower  for  the  2  h,  1 .8  m/s  conditions 
than  for  those  of  the  wind-speed  trials  (e.g,,  42  versus  149  for  the  bush  bean;  compare 
Tables  3.7  and  3.5).  This  reflects  the  lower  atmospheric  brass-flake  concentration  (93  versus 
154  mg/m3)  during  the  range-finding  series. 

When  an  artificial  rainfall  was  applied  to  determine  the  leaching  potential  of  the  brass 
flake  from  the  different  tissue  types,  it  was  apparent  that  the  bush  bean  retained  the  most 
material  over  time,  50  to  80%,  as  compared  with  sagebrush,  tall  rescue,  and  the  pines  at 
approximately  20  to  40%  retention  (Table  3.7).  The  flat,  broad  leaf  surfaces  of  this  species 
may  have  permitted  more  of  the  flake  to  orient  itself  parallel  to  the  surface  and  thus  to  com¬ 
press,  forming  a  series  of  layers  to  resist  the  effects  of  the  leachate.  On  the  other  species 
much  of  the  material  was  not  able  to  achieve  a  uniform  surface  and  thus  was  removed. 
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TA8L5  3.7.  FOLIAR  MASS  LOADING  OF  BRASS  FLAKE  TO  VEGETATION  DURING 
RANGE-FINDING  TESTS.  WIND  SPEED  WAS  1 .8  m/s  AND  RELATIVE 
HUMIDITY  WAS  50% 


Exposure  _  _ Fetor.  Mmi  Larina _ — _ 

Speolee  Duration  Exposed w  Expoaed/Leached'®'  %  Retained 

(h)  (ug/err^iSD,  n-10  (p^om2  ±  8D,  n  ■  4) 


Bush  Bean 

2 

81.80 

±  10.03 

42.0 

± 

11.30 

77.18 

± 

33.88 

4 

91.20 

±8.84 

50.8 

t 

4.96 

81.07 

± 

7.88 

6 

143.20 

±  28.99 

93.8 

± 

6.36 

79.34 

± 

6.50 

a 

194.2 

±  17.88 

97.8 

± 

14.88 

80.48 

± 

9.34 

Sagebrush 

2 

97.00 

±  32.68 

38.00 

± 

4.28 

39.22 

± 

16.26 

4 

218.40 

±  83.28 

77.80 

± 

12.02 

32.39 

± 

11.51 

6 

290.20 

±  76.24 

90.80 

± 

6.36 

25.79 

± 

3.71 

8 

371.20 

±  02.38 

88.00 

± 

9.80 

23.16 

± 

3.27 

Ponderota  Pina 

2 

191.80 

±  111.93 

41.00 

± 

4.24 

46.64 

± 

9.79 

4 

392.00 

±  224.83 

102.80 

± 

53.03 

24.02 

± 

7.42 

6 

464.40 

±  222.68 

144.00 

± 

1.40 

22.84 

± 

2.64 

8 

504.00 

±  183.48 

101.00 

± 

6.66 

21.74 

± 

2.87 

Short  Noadla  Pina 

2 

208.20 

±  148.30 

66.50 

± 

9.18 

26.57 

± 

17.93 

4 

202.40 

±  68.88 

78.50 

± 

20.51 

60.08 

± 

21.37 

6 

888.20 

±  178.18 

77.00 

± 

4.24 

14.55 

± 

1.92 

a 

449.20 

±  198.21 

92.00 

± 

0.00 

10.18 

± 

3.32 

Tall  Feaoue 

2 

70.80 

±  21 .73 

16.80 

± 

3.83 

28.38 

± 

8.77 

4 

121.00 

±33.19 

23.50 

± 

4.94 

25.99 

± 

0.07 

8 

168.20 

±  15.18 

61.80 

± 

28.16 

37.80 

± 

19.26 

8 

208.40 

t  41,84 

42.00 

± 

8.66 

19.58 

± 

3.59 

W  Non-leaohed  axpoaad  plant*. 

®  Laachlng/almulatad  rainfall  waa  oonductad  within  2  h  of  contamination.  It  oonalatad  of  3B0  mL  of  aynthatlo 
rainwater  paaaad  through  th*  canopy  ovar  1 5  min  and  la  equivalent  to  a  0,8-cm  rainfall. 
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Flake.  Deposition  velocities  (Vd)  are  routinely  computed  for  experimental  exposures  to 
provide  a  basis  for  estimating  the  transfer  of  smoke  constituents  from  air  to  foliar  and/or  soil 
surfaces.  Once  established,  this  parameter  can  be  used  to  estimate  foliar  or  soil  mass  loading 
and  thus  projected  damage  under  field  conditions,  given  air  concentration,  wind  speed,  and 
relative  humidity. 

In  all  species  except  for  the  pines,  Vd  Increased  with  Increasing  wind  speed  (Table  3.8) 
as  with  the  other  obscurants  tested.  Values  of  Vd  ranged  from  0.01  to  1  cm/s.  The  pines 
showed  increasing  values  of  vd  at  the  two  lower  wind  speeds,  but  velocities  tended  to  level 
off  or  decrease  at  the  higher  speeds.  This  may  be  caused  by  the  reduced  surface  area  and 
curvature  of  the  needles,  making  retention  less  efficient  and  resuspension  more  likely.  What 
is  more  noteworthy  is  the  substantially  higher  values  of  Vd  lor  brass  compared  with  those  of 
the  other  smokes/obscurants  tested.  For  example,  In  the  grass  and  bush  bean  the  Vd  for 
brass  Is  at  least  1  to  2  orders  of  magnitude  greater  than  the  values  reported  for  WP  and  HC 
(Cataldo  et  al.  1990b).  For  example,  Vd  -  0.005  cm/s  for  bush  bean  and  0.001  cm/s  for  tall 
fescue,  with  WP  at  1 .8  m/s,  and  0.002  and  0.001  for  HC,  In  the  mixed-smoke  scenarios. 

Values  for  brass  alone  are  0.13  for  bush  bean  and  0.12  for  tall  fescue  (Table  3.8).  These 
ratios  also  held  for  the  other  species. 

Deposition  Velocities  of  Brass  Flake  to  Vegetation  During  Wind  Speed  Teats:  Brass 
Flake/Foo  oil.  The  Vd  values  observed  during  the  brass  flake/fog  oil  wind-speed  tests 
(Table  3.9)  again  demonstrate  Increased  deposition  efficiency  with  Increasing  wind  speed  but 
are  substantially  higher  than  for  brass  flake  alone  (Table  3.8).  The  overall  Vd  values  ranged 
from  0.3  to  60  cm/s,  representing  a  3  to  100  times  greater  collection  efficiency  than  for  brass 
alone.  The  codeposition  of  the  fog  oil  to  the  leaf  surface  apparently  either  prevented  resus¬ 
pension  of  the  deposited  brass  or  affected  brass  agglomeration,  Increasing  its  effective  size 
and  deposition  rate. 
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TABLE  3.8.  VALUES  FOR  DEPOSITION  VELOCITY  (Vd)  OF  BRASS  FLAKE  TO 

VEGETATION  DURING  WIND  SPEED  TESTS.  TOTAL  DURATION  OF  EX¬ 
POSURE  WAS  60  min  AT  60%  RELATIVE  HUMIDITY.  AVERAGE  ±  SD,  n  -  6. 


SpSfllSS 

Wind  Spa  ad 
(nVa) 

Dapositlon  Valooity  (Vd) 

(orrVa  x  10a> 

Bush  Bsan 

0.9 

13.01 

± 

2.22 

1.8 

27.73 

± 

6.86 

2.7 

86.83 

± 

19.83 

4.8 

94.86 

± 

15.39 

Ssgsbfuah 

0.9 

29.89 

i 

4.87 

1.8 

82.24 

± 

8.20 

2.7 

120.50 

± 

33.87 

4.8 

234.06 

± 

64.84 

Pondtroas  Pins 

0.9 

37.63 

t 

7.86 

1.8 

118.28 

± 

24.66 

2.7 

82.08 

± 

11.87 

4.8 

80.64 

1 

12.51 

Short  Nssdls  Pins 

0.9 

43.79 

± 

7.06 

1.8 

128.54 

t 

30.82 

2.7 

101.21 

± 

24.06 

4.8 

88.87 

± 

32.86 

Tall  Fssoua 

0.9 

12.32 

± 

2.76 

1.8 

44.20 

± 

2.86 

2.7 

44.52 

± 

7.11 

4.8 

62.36 

± 

15.48 
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TABLE  3.9.  DEPOSITION  VELOCITIES  <Vd)  OF  BRASS  FLAKE  TO  VEGETATION  DURING 
BR/FO  WIND  SPEED  TESTS.  TOTAL  DURATION  OF  EXPOSURE  AT  50% 
RELATIVE  HUMIDITY  IS  GIVEN  IN  TABLE.  AVERAGE  ±  SD,  n  -  6. 


Expoaura 


SptClM 

Tima 

(min) 

Wind  Spaad 
(rrva) 

Dapoaltlon  Valoolty  (Vd) 
(cnva) 

Buah  Stan 

60 

0.8 

0.36 

±  0.01 

62 

1.8 

1.48 

1  0.40 

60 

2,7 

5.14 

±  2.58 

30 

4.6 

11.01 

1  0.78 

Sagabruah 

80 

0.8 

1.05 

1  0.42 

62 

1.8 

4.74 

1  0.98 

60 

2,7 

11.66 

±  6.24 

30 

4.6 

26.88 

±  3.94 

Pondaroaa  Pina 

60 

0,8 

2.84 

±  1.22 

62 

1.8 

14.28 

±  2.34 

60 

2,7 

21.80 

±  4.71 

30 

4.5 

63.86 

±  20.94 

Short  Naadla  Pina 

60 

0.8 

4.63 

±  0.90 

82 

1.8 

7.71 

±  1.64 

60 

2.7 

21.84 

±  4.77 

30 

4.5 

50.87 

±  14.75 

Toll  Faacua 

60 

0.8 

0.40 

±  0.11 

62 

1,8 

5.05 

±  1.70 

60 

2,7 

4.81 

±  0.07 

30 

4.5 

8.25 

±  3.26 

Deposition  Velocities  of  Brass  Flaks  to  Vegetation  Purina  Range-Finding  Tests:..  Brass 
Flake.  The  deposition  velocities  for  brass  flake  during  the  range-finding  tests  were  once 
again  higher  than  those  observed  for  the  previous  obscurants  tested,  with  Vd  values  ranging 
from  0.07  cm/s  for  bush  bean  and  tall  fescue  to  0.3  cm/s  for  the  pines.  Within  the  test  series, 
the  highest  values  were  observed  In  the  pines  (Table  3.10),  as  expected  from  the  mass¬ 
loading  data  presented  in  Table  3.7.  The  relative  consistence  in  Vd  values  among  the 
exposure  durations  indicates  that  aerodynamic  processes  govern  deposition. 


TABLE  3. IQ.  DEPOSITION  VELOCITIES  (Vd)  OF  BRASS  FLAKE  TO  VEGETATION  DURING 
RANGE-FINDING  TESTS.  WIND  SPEED  WAS  MAINTAINED  AT  4  mph 
(1 .8  m/8)  AT  50%  RELATIVE  HUMIDITY.  AVERAGE  ±  SD,  n  -  6. 


Spacioa 

Expoaura 

Duration 

(h) 

Dapoaltfon  Valooity  (Vd) 

(om/e  x  1 02) 

Bu«h  Baan 

2 

7.00 

± 

1.85 

4 

8.81 

± 

0.66 

6 

6.91 

± 

1.40 

s 

7.41 

± 

0.67 

Sagabruah 

2 

14.97 

± 

S.04 

4 

16.08 

± 

6.22 

6 

13.90 

± 

3.68 

a 

14.16 

± 

3.91 

Pondaroaa  Pina 

2 

29.60 

± 

17.27 

4 

29.27 

± 

16.77 

6 

22.40 

± 

10.74 

8 

19.23 

± 

7.00 

Short-Naadla  Pina 

2 

31.67 

± 

22.42 

4 

15.11 

± 

5.14 

6 

26.92 

± 

8.59 

8 

17.14 

± 

7.56 

Tall  Faacua 

2 

10.00 

± 

3.35 

4 

9.04 

± 

2.48 

8 

8.11 

± 

0,73 

8 

7.08 

± 

1.59 

3.2.2  Mass  Lnadlnn  of  Brass  Flake  to  Exposad  Soils 

Soil  Maaa  Loading  Purina  Wind  Speed  Tests:  Brass  Flake.  Levels  of  mass  loading  of 
brass  to  soil  coupons  exposed  during  the  wind-speed  tests,  shown  In  Table  3.11,  Indicate  a 
general  Increase  In  mass  loading  to  the  soli  surfaces  with  Increasing  wind  speed.  Mass¬ 
loading  rates  increase  from  110  to  130  pg/cm2  at  0.9  cm/s  to  400  to  600  pg/cm2  at  4.5  cm/s. 
The  greatest  average  loading  under  these  experimental  conditions  was  observed  In  the 
Burbank  and  Cinebar  soils,  althougii  there  was  no  significant  difference  between  all  three 
types  (P20.1). 
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TABLE  3.11.  SOIL  MASS-LOADING  VALUES  FOR  BURBANK,  CINEBAR,  AND  PALOUSE 
SOILS  FOLLOWING  ATMOSPHERIC  EXPOSURE  TO  BRASS  FLAKE 
DURING  WIND  SPEED  TESTS 


Wind  Spaad 
(nV») 

....  .  Soil  Man  Lnadna  ri.a/emfc  ±  SD.n  ■  31 

Burbank 

Clnabar 

Ptlouaa 

0.9 

111.6  ±18.4 

121.3  ±14.0 

134.4  ±  60.2 

1.8 

141.6  ±  12.0 

193.9  ±87.2 

139.1  ±7.7 

2.7 

232.0  ±  26.3 

229.1  ±  7.1 

178.5  ±11 .8 

4.8 

563.3  ±101.0 

573.6  ±  98.4 

375.5  ±  35,4 

Soil  Maas  Loading  Purina  Wind  Speed  Teats:  Brass  Flake/Foo  Oil.  Mass  loading 
values  for  soil  coupons  during  the  BR/FO  wind-speed  tests,  shown  In  Table  3.12,  indicate  a 
general  laok  of  correlation  between  wind  speed  and  mass  loading  of  brass  In  these  tests. 
However,  as  noted,  generation  oroblems  existed  In  these  dual-smoke  exposures.  The 
significant  Increase  In  mass  loading  prompted  by  the  presence  of  fog  oil  In  the  foliar  studies, 
but  Is  reflected  In  deposition  velocity  data  dlsoussed  below. 

SQll.txlaaa.  Laadlng-Durlno  RanasTFlndlna,  Taata;  Braaaflaha.  in  the  range-finding 
tests  for  brass  alone,  there  appears  to  be  no  Influence  of  soil  type  on  mass  loading 
(Table  3.13).  Mass-loading  rates  ranged  approximately  from  90  pg/cm2  after  2  h  of  exposure 
to  350  pg/cm2  after  8  h  of  exposure.  The  increases  with  time  were  also  linear,  Indicating 
constant  deposition  to  these  surfaces  with  time,  as  had  been  observed  in  the  foliage. 

Deposition  Velocities  of  Brass  Flake  to  Soils  Purine  Wind-Speed. Te9ts-_Btaas 
Flake:  Wind  Speed  Brass. Ftaka/Fog  Oil:  and  Ranos  Finding  Tests.  In  the  wind:  speed  tests 
of  brass  alone,  values  of  Vd  generally  were  comparable  for  each  soil,  and  ranged  from  0.2  to 
1 .0  cm/s  for  the  lowest  and  highest  wind  speeds,  respectively  (Table  3.14).  in  the  presence  of 
fog  oil,  values  Increase  to  approximately  l  to  2.5  cm/s  (Table  3.15).  In  thu  presence  of  fog  oil, 
brass  deposition  was  highly  variable,  but  did  not  increase  with  increasing  wind  speed  as 
much  as  noted  for  the  foliar  surfaces,  Deposition  velocities  for  brass  alone  In  the  range¬ 
finding  test  series  (Table  3.16)  were  relatively  constant  at  -"0.13  cm/s.  The  date  do  not 
Indicate  that  soil  type  influences  collection  efficiency.  One  would  expect  this,  based  on  the 
AMMD  of  the  brass  flake,  5  um. 
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TABLE  3 J 2.  SOIL  MASS-LOADING  VALUES  FOR  BURBANK,  CINEBAR,  AND 

PALOUSE  SOILS  FOLLOWING  ATMOSPHERIC  EXPOSURE  TO  BRASS 
FLAKE/FOQ  OIL  WIND-SPEED  TESTS.  AVERAGES  ±  SD  (n  -  3). 


Wind  Spaed 
(nVe) 

Exposure 

Tima 

{min) 

fed  Um«  1  ftarfww  h,n/rrrZ\ _ _ 

Burbank 

Clnebar 

Palouae 

0.9 

60 

83.28  1  4.34 

147.17  ±0.84 

111.74  148.26 

1.8 

62 

177.48  ±27.41 

386,76  1  2.65 

135.33  1  12.07 

2.7 

60 

113,36  1  11.68 

397.48  1  24.39 

138.27  14.81 

4.8 

30 

00.49  1  18.26 

434.67  ±  40.04 

123.94  128.43 

TABLE  3.13.  SOIL  MASS-LOADING  VALUES  FOR  BURBANK,  CINEBAR,  AND  PALOUSE 
SOILS  FOLLOWING  ATMOSPHERIC  EXPOSURE  TO  BRASS  FLAKE 
DURING  RANGE-FINDING  TESTS 


Expo«ur«  _ _ _ SoiM— Larina  (ua'crrftiSD.naai 


Duration 

(h) 

Burbank 

Cinabar 

Palouaa 

2 

94.61 14.9 

77.0  1  8.2 

89.1  1  18.7 

4 

153.7  1 10.6 

212.1  142.8 

199.9  1  26.0 

6 

248.9  1  30.5 

299.9  1  27.0 

302.9  1  39.3 

8 

395.2  1  20.9 

314.9  1 19.4 

349.9  1  32.6 
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TABLE  3. 14.  SOIL  DEPOSITION  VELOCITY  (Vd)  VALUES  (em/8)  FOR  BURBANK, 
CINEBAR,  AND  PALOUSE  SOILS  FOLLOWING  ATMOSPHERIC 
EXPOSURE  TO  BRASS  FLAKE  DURING  WIND  SPEED  TESTS. 
TESTS  CONDUCTED  FOR  1  h  AT60%  RELATIVE  HUMIDITY. 
AVERAGE  ±SD,n-  3. 


Wind  SpMd 
(m/uo) 

Daa 

3tWonV«loelty  (Vd1  fom/a: 

*102' 

Burbank 

Clnabar 

Palouaa 

0.9 

17.22  ±  2.53 

18.72  ±2.18 

20.74  ±  7.78 

1.8 

28.22  ±  2.22 

38.91  ±  10,59 

25.78  ±  1.43 

2.7 

42.96  ±  4,87 

42,43  ±  1.31 

33.08  ±  2.13 

4.8 

120.36  ±21.58 

122.88  ±  21.03 

80.24 1  7.56 

BBlfc.3.15. 

SOIL  DEPOSITION  VELOCITY  (Vd)  VALUES  (em/8)  FOR  BURBANK, 
CINEBAR,  AND  PALOUSE  SOILS  FOLLOWING  ATMOSPHERIC 
EXPOSURE  TO  BRASS  FLAKE  DURING  BR/FO  WIND  SPEED  TESTS, 
TESTS  CONDUCTED  FOR  1  h  AT  60%  RELATIVE  HUMIDITY. 
AVERAGE  ±  SD,  n  -  3. 

Wind 

Expoaur* 

Spead 

Tima 

Buroank 

Clnabar  Palouaa 

(rrva) 

(min) 

0.9 

60 

0.88  ±  0.04 

1.36  ±0.01  1.03  ±0.45 

1.8 

62 

1.64  ±0.25 

4.00  ±  0.03  1.20  ±0.04 

2.7 

80 

0.98  ±0.10 

3.45  ±0.21  1.20  ±0.04 

4.5 

30 

2.85  ± 0.45 

3.62  ±  0.83  2.71  ±1.20 

( 

■> 
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TABLE  3.16.  SOIL  DEPOSITION  VELOCITY  (Vd)  VALUES  (cm/s)  FOR  BURBANK, 

CINEBAR,  AND  PALOUSE  SOILS  FOLLOWING  ATMOSPHERIC  EXPOSURE 
TO  BRASS  FLAKE  DURING  RANGE-FINDING  TESTS.  TESTS  CONDUCTED 
AT  4  mph  (1 .8  m/3)  WIND  SPEED  AND  50%  RELATIVE  HUMIDITY. 

AVERAGE  ±  SD,  n  «  3. 


Exposure 

Duration 

(h) 

Damrtjan  Vslndtv  tV^  ( em/aae  x  102l 

Burbank 

Clnabar 

Palousa 

2 

14.58  ±2.30 

12.02  ±0.96 

13.75  ±2.89 

4 

11.48  ±0.79 

15.84  ±3,20 

14.93  ±  1.94 

6 

12.00  ±1.47 

14.46  ±  1.30 

14.61  ±  1.90 

8 

15.08  ±0.80 

12.02  ±  0.74 

13.35  ±  1.26 

3.3  CONTACT  PHYTQTQXICITY 

3.3.1  Contact  Rhytotoxiclty  of  Brass  Flaha  Deposited  to  FollaL-Surfacaa 

Contact  PhytQlQxlclty  Observed,  Following-Wind;  Spaed,  and  Ranoa-Flndlno  Testa; 
Brass  Flake.  Plant  symptomatology  (or  the  brass  flake  wind- speed  series  at  30  days  post¬ 
exposure  is  summarized  in  Table  3.17.  With  the  exception  of  sagebrush,  brass  did  not 
appear  to  be  directly  phytotoxic  to  any  of  the  species  tested  over  this  time.  Long-term 
exposures  (l  a..  >3  months,  not  shown)  of  the  tree  species  where  the  material  has  not  been 
allowed  to  incorporate  into  he  soil  similarly  have  resulted  In  no  detectable  impacts. 

The  only  damage  noted  during  this  period  was  to  sagebrush  exposed  to  high  loadings 
of  brass  in  the  4.5  m/s  wind  speeds.  These  plants  received  the  highest  mass  loading  of  any 
of  those  tested,  but  the  symptoms  (wilting,  leaf  curl,  and  leaf  drop)  occurred  wittvn  24  h  after 
exposure  arid,  given  the  inert  nature  o(  the  material,  the  observed  phytotoxic  responses  may 
have  had  an  unrelated  cause,  although  it  is  unknown  for  sure  at  this  time. 

In  the  range-finding  senes  (net  shown),  no  effects  were  noted  for  ary  of  the  plant 
species  with  mass  loading  rates  of  511  to  400  ng/cm2  foliage.  Post-exposure  leaching  had 
no  ameliorating  or  positive  effect  on  toxicity  Plants  (sagebrush  and  pines)  appeared  to 
remain  in  good  condition  for  up  to  120  days  post-exposure  even  though  the  brass  flake  was 
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still  visible  on  their  surfaces,  and  had  not  completely  been  lost  during  normal  watering  and 
handling  operations  in  the  greenhouse. 


TABLE  3.17.  PLANT  SYMPTOMATOLOGY  TO  ATMOSPHERIC  BRASS  FLAKE  EXPOSURE 
DURING  WIND  SPEED  TESTS,  THE  SYMPTOMATOLOGY  READINGS  ARE 
THl£  FINAL  MEASUREMENTS,  TAKEN  30  DAYS  POST-EXPOSURE. 


Plant  Species 

Wind 

Speed 

(nVs) 

Maaa  Loading 
(pg/cin2)(b) 

Toxlcltv  Reanonaef*! 

Damage  Index  Symptomatology 

Bush  Bean 

0.9 

84.30  ±  14.40 

1.0 

O&NGDH 

1.8 

149.72  ±  37,05 

1.0 

O&NQDH 

2.7 

305.82  ±  105.47 

1.0 

O&NGDH 

4.5 

443.94  ±  72.04 

1.0 

O&NGDH 

Sagebrush 

0.9 

193.71  ±31.54 

1.0 

O&NGDH 

1.8 

444.07  ±  44.28 

1.0 

O&NGDH 

2.7 

850.70  ±  181.84 

1.0 

O&NGDH 

4.5 

1095.40  ±  302.06 

4.0<°> 

W,  LC,  LD 

Ponderosa  Pine 

0.9 

243.86  ±  50.93 

1.0 

O&NGDH 

1.8 

622.49  ±  133.16 

1.0 

O&NGDH 

2.7 

443.25  ±  64.08 

1.0 

O&NGDH 

4.5 

237.01  ±  58.55 

1.0 

O&NGDH 

Short  Needle  Pina 

0.9 

283.78  ±  45,78 

1.0 

O&NGDH 

1.8 

694.11  ±  184,83 

1  0 

O&NGDH 

2.7 

546.51  ±  129.92 

1.0 

O&NGDH 

4.5 

400.94  ±  153.79 

1.0 

O&NGDH 

Tall  Fescue 

0.9 

79.83  ±17,90 

1.0 

O&NGDH 

1.8 

238.68  ±  15.44 

1.0 

O&NGDH 

2.7 

240.39  ±  38.40 

1.0 

O&NGDH 

4.5 

291.85  ±  72.34 

1.0 

O&NGDH 

Daubenmlre  scale  and  symptomatology  daflnitloni. 

^  Avaragg  Foliar  Mass  Loading  ±  SO  (n  -  8). 

Two  of  threa  plant*  dlad.  Remaining  plant  appeared  healthy. 
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Phvtotoxlcltv  Observed  Following  Wind  Speed  Tests:  Brass  Flaka/Foa  Oil.  A  slight 
degree  of  phytotoxicity  occurred  during  the  combined  BR/FO  exposures  (Table  3.18),  par¬ 
ticularly  In  the  bush  bean  and  short  needle  pine  at  the  higher  wind  speeds.  In  both  cases,  the 
symptoms  -  necrotic  spotting,  blade  dleback,  and  leaf  curl  ••  were  similar  to  those  observed 
with  fog  oil  alone  (Cataldo  et  al.  1989).  For  individual  plants,  the  sites  of  the  most  visible 
phytotoxic  symptoms  were  those  that  also  appeared  to  have  the  highest  depositions  of  fog 


TABLE  3.18.  PLANT  SYMPTOMATOLOGY  TO  ATMOSPHERIC  BRASS  FLAKE/FOG  OIL 
WIND  SPEED  TEST  EXPOSURES.  THE  SYMPTOMATOLOGY  READINGS 
ARE  THE  FINAL  MEASUREMENTS  TAKEN  30  DAYS  POST-EXPOSURE. 


Plant  Spaolat 

Wind  Spaad 
(nVs) 

Brass 

Mass  Loading 

(ng/em^)^ 

_ Toxicity  HssPonssO 

Damaga  Indax  Symptomatology 

Buah  Baan 

0.9 

38.51  ±  1.30 

1.0 

O&NGDH 

1.8 

148.88  ±38.42 

1.0 

O&NGDH 

2.7 

592.38  ±  293.41 

3.0 

W,  LC,  NS 

4.8 

376.65  ±  26.69 

3.0 

NGA.W.LC,  NS 

Sagabrush 

0.9 

112.92  t  45.75 

1.0 

O&NGDH 

1 .8 

457.99  ±  92.17 

1.0 

O&NGDH 

2.7 

1342.92  t  718.90 

1.7 

NQA,  Chi,  BD,  LD 

4.5 

919.87  ±  134.68 

3.5 

Chl.W.LD, 

Pondaroaa  Pina 

0.9 

317.44  ±  132.16 

1.0 

O&NGDH 

1.6 

1382.32  ±  226.05 

1.0 

O&NGDH 

2.7 

2522.78  ±  542.74 

1.5 

NS 

4.5 

2187.34  k  716.08 

1.5 

NS 

Short  Naadla  Pina 

0.9 

499.67  t  97.50 

1.0 

O&NGDH 

1.8 

745.63  ±  158.70 

1.0 

O&NGDH 

2.7 

2515.50  ±  549.61 

2.5 

BD,  NS,  NGDH 

4.5 

1733.08  ±  504,55 

3.5 

BD  (3.5),  NS 

Tail  Faacua 

0.9 

43.13  ±  12.14 

1.0 

O&NGDH 

1.8 

488.12  ±  164.23 

1.3 

TB  (3.0) 

2.7 

554.37  ±  7.79 

1.7 

TB  (5.0) 

4.5 

316.51  ±  111,55 

1.7 

TB  (5,0) 

Daubanmira  Seal#  and  Symptomology  Dafinltions. 
^  Avaraga  Foliar  Mass  Loading  ±  SD  (n>3). 
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oil  on  their  surfaces.  There  may  have  been  a  slight  synergistic  effect  of  the  brass  flake, 
exacerbating  the  effects  of  the  relatively  low  level  of  fog  oil,  but  more  likely,  the  fog  oil  may 
have  been  responsible  for  the  majority  of  the  damage. 

3.3.2  Metabolic  Responses  To  Brass-Flake  Exposure  During  Wind-Spaed  Testa 

The  metabolic  response  of  the  plants  to  the  brass  flake  In  the  wind-speed  tests  was 
assessed  by  measuring  the  net  photosynthesis  and  dark  respiration  of  selected  tall  fescue 
and  ponderosa  pine  plants  following  exposures  at  0.9, 1 .8,  and  4.5  m/s  (2, 4,  and  10  mph). 
Although  there  was  a  slight  reduction,  Immediately  following  exposure,  in  the  photosynthetio 
rate  for  the  2-  and  4-mph  tests,  no  long-term  deleterious  effects  were  evident  either  on  net 
photosynthesis  or  dark  respiration  for  periods  of  up  to  21  days  post-exposure  (Figure  3.6).  It 
should  also  be  noted  that  the  brass  flake  on  the  leaves  appeared  to  be  quickly  dispersed  off 
of  the  leaves  through  plant  motion  occurring  in  the  growth  chambers,  and  from  the  manipula¬ 
tions  of  placing  them  in  the  photosynthesis  test  chambe,  which  occurred  even  though  special 
efforts  were  made  to  prevent  sudden  movements  of  the  plants  during  handling. 

The  loss  of  activity  observed  at  the  highest  wind  speeds  (10  mph,  Figure  3.6)  was  only 
temporary,  and  the  plants  quickly  recovered.  The  initial  loss  of  activity  may  have  been  due  to 
thigmotropic  responses  to  the  force  of  the  wind  itself  or  to  a  shading  effect  of  the  brass  flake 
on  the  surface  of  the  plant  leaves.  These  plants  retained  a  substantial  portion  of  the 
deposited  brass  material  over  the  measuring  period,  which  may  have  resulted  In  an  initial 
reduced  rate,  but  in  a  sustaining  manner. 
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Days  Post  Exposure 


FIGURE  3.6.  WHOLE-PLANT  NET-PHOTOSYNTHESIS  AND  DARK-RESPIRATION  RATES 
(nmole  C02/s)  FOR  A  TALL  FESCUE  AND  A  PONDEROSA  PINE  PLANT 
EXPOSED  TO  ATMOSPHERIC  BRASS  FLAKE  FOR  60  min  AT  -150  mg/m3 
AND  50%  RELATIVE  HUMIDITY  AND  10  mph  WIND  SPEED.  MEASURE¬ 
MENTS  WEPE  TAKEN  AT  DAY  1  AND  FOR  THE  PERIOD  FOLLOWING 
EXPOSURE. 


Tall  fescue  plants  follarly  contaminated  In  the  aerosol/contact  toxicity  tests  were 
harvested  30-days  post-exposure  and  allowed  to  regrow  for  an  addition  harvest  of  shoot 
tissues.  This  procedure  permitted  us  to  evaluate  any  residual  effects  of  follarly  absorbed 
brass  contaminants  on  biomass  production. 
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3.4.1  Wind-Speed  Teats:  Brass  Flake 


Foliar  loading  of  the  brass-flake  material  at  the  various  wind  speeds  appeared  to 
slightly  affect  the  dry-matter  accumulation  of  tall  fescue  over  the  30-day  growth  period 
following  exposure.  As  seen  In  Table  3.19,  there  were  slightly  significant  (0.05  confidence 
level)  reductions  in  the  dry  weight  of  grasses  exposed  at  the  higher  wind  speeds,  2.7  and 
4.5  m/s,  although  these  reductions  were  only  approximately  12  to  18%  of  control  tissues 
values. 

The  biomass  reduction  observed  for  the  first  harvest,  was  not  seen  lit  the  second 
harvest  treatments.  Thus,  It  is  likely  that  the  first-harvest  growth  reductions  were  due  to  either 
the  shading  effect  of  the  brass  flake  deposited  to  foliage  or  absorption  of  Cu  and/or  Zn 
associated  with  the  brass,  although  the  latter  Is  unlikely. 


TABLE  3.19.  EFFECTS  OF  BRASS-FLAKE  AEROSOL  WIND-SPEED  TESTS  ON 

THE  REQROWTH  (DRY  MATTER  PRODUCTION)  OF  EXPOSED®  TALL. 
FESCUE  AT  30  AND  60  DAYS  POST-EXPOSURE 


Treatment 

_  DlV  Matter  Production  (Average a  .dry  wt  ±  SD.  n  ■  at _ 

First  Harvest 

Second  Harvest 

Control 

6.26±  0.47 

3.81  ±0.36 

0.9  m/s 

5.92±  0,06® 

4.38±  0,24® 

1.8  m/s 

5.07±  0.48® 

4.96±  0,57® 

2.7  m/s 

5.54±  0.14® 

4.59±  0.55® 

4.5  m/s 

5.1 7±  0,83® 

3.84±  0.80® 

®  Sm  Table  3.S  for  rttaa  of  foliar  maw  loading. 

®  Not  Significant. 

®  Significant  at  0.05  oonfldanca  laval  uelng  a  one-tailed  t-Taat. 
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3.4.2 


Highly  significant  (PS0.01)  reductions  were  evident  in  dry-matter  productions  for  tali 
fescue  exposed  to  the  BR/FO  at  the  higher  wind  speeds  (2.7  and  4.5  m/s,  Table  3.20).  These 
reductions  were  more  severe  than  those  observed  with  brass  alone,  but  they  were  not 
observed  at  the  second  harvest  after  the  foliage  that  had  received  the  exposure  was 
removed.  The  leaves  appeared  to  retain  the  brass  flake  longer  following  co-exposure  with 
fog  oil.  This  may  have  promoted  additional  shading,  thereby  reducing  dry-matter  production 
from  photosynthesis.  Upon  removal  of  these  affected  leaves  and  regrowth,  no  effects  were 
noted,  indicating  that  brass/fog  oil  aerosols  have  little  residual  Impact. 


TABLE  3.20.  EFFECTS  OF  BRASS  FLAKE/FOG  OIL  AEROSOL  WIND  SPEED  TESTS 
ON  THE  REGROWTH  (DRY-MATTER  PRODUCTION)  OF  EXPOSED**) 
TALL  FESCUE  AT  30  AND  60  DAYS  POST-EXPOSURE 


Treatment 

_ Drv-Matter  Production  iaviw o«  o  drv  wt  ±  SD.  n«3l _ 

First  Harvest 

Second  Harvest 

Control 

9.56±  0.37 

5.83±0.61 

0.9  m/s 

10.09±  1.63*b> 

6.22±  0.74<b> 

1.8  m/s 

10.11±  1.11<b> 

6.29±  0.21  <b> 

2.7  m/s 

6.93±  0.29*°! 

5.60±  0.43(b) 

4,5  m/s 

8.81  ±  0.69*°) 

5.74±  0.84(b) 

(*)  Sm  T»bl«  XX  far  rataa  of  foliar  man  loading. 

(b)  Not  Significant. 

(°)  Significant  at  0.01  confldanca  laval  using  a  ona-tailad  Most. 


3.4.3  Range-Finding  Tests:  Brass  Flake 

As  seen  In  Table  3.19  slightly  significant  (PsO.05)  reductions  In  dry-matter  production 
were  evident  immediately  following  exposure  for  all  of  the  exposed  plants  (first  harvest).  With 
one  exception,  that  of  the  4-h  exposure,  this  reduction  was  not  observed  after  the  exposed 
tissue  was  removed  (second  harvest).  It  is  likely  that  the  4-h  values  are  erroneous,  since 
mass  loadings  for  the  4-h  treatment  were  lower  than  that  of  the  6-  and  8-h  treatments.  For 
those  plants  that  were  leached  with  a  simulated  rainfall  Immediately  following  exposure,  and 
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thus  had  their  foliar-loading  levels  reduced  (see  Table  3.7),  no  differences  in  dry-matter 
accumulation  compared  with  non-leached  treated  plants  were  apparent  (Table  3.21).  This 
may  support  the  concept  that  the  negative  effects  on  dry-matter  accumulation  by  the  brass 
flake  are  the  result  of  external  shading,  which  reduces  total  carbon  assimilation  over  the 
extended  period  of  30  days.  Removing  these  “shaded"  leaves  permitted  a  return  to  the 
control  activity  levels.  This  again  Implies  that  the  brass-flake  constituents  are  .tot  weathering 
on  foliar  surfaces  and  thus  that  constituents  are  not  being  absorbed  Into  the  plant  through  the 
leaves. 

TABLE  3.21.  EFFECTS  OF  BRASS-FLAKE  AEROSOL  RANGE-FINDING  TESTS  ON 
THE  REGROWTH  (DRY-MATTER  PRODUCTION)  OF  EXPOSED®  AND 
EXPOSED/LEACHED®  TALL  FESCUE  AT  30  AND  60  DAYS  POST¬ 
EXPOSURE 


Days 

Post  Exposure 

Treatment 

Exposed 

Exposed/Leached 

30 

Control 

9.41  ±1.09 

2  h 

7.1 7±  1.13® 

7.71  ±0.76® 

4  h 

6.11  ±  0.32® 

6.65±  0.04® 

6  h 

7.48±  0.55® 

7.84±  1 .54® 

8  h 

7.42±  0.99® 

7.35±  1 .31® 

60 

Control 

6.70±0.16 

2  h 

5.66±  0.29® 

5.58±  0.09® 

4  h 

5.42±  0.50® 

6.39±  0.07® 

6  h 

7.1 7±  0.91® 

7.19±  0.65® 

8  h 

6.67±  0.49® 

6.52±  0.73® 

®  Foliar  maae-loadlng  rataa  given  In  Tabla  3.7. 

®  Leachlng/almulated  rainfall  waa  conducted  within  2  h  of  contamination.  It  ccmlated  of  350  mL  of  aynthetlo- 
ralnwater  paaaad  through  the  canopy  over  15  min,  equivalent  to  a  0.5  cm  rainfall. 

1°)  Significant  at  0.05  confidence  level  using  a  one-tailed  t-Teat. 

®  Not  significant. 
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3.5  PLANT/SOIL  AMENDMENT  STUDIES 


Soil  amendment  studies  using  brass  flake  were  undertaken  for  three  reasons.  The  first 
was  to  simulate  the  effects  of  brass  at  soil  concentrations  higher  than  those  that  can  be 
reasonably  produced  In  the  wind  tunnel.  The  second  was  to  provide  a  reasonable  range  In 
soil  concentrations  to  simulate  those  field  Instances  where  brass  use  has  been  recurrent. 

The  third  was  to  allow  soil  weathering  rates  of  brass  and  the  effect  of  brass  on  biotic 
processes  to  be  evaluated.  Soils  were  amended  with  0,  25, 100,  500,  and  2500  pg  brass/g 
dry  wt  soli  and  were  evaluated  after  100  and  440  days.  Pour  soil  treatments  were  used,  and 
plant  availability,  toxicity,  and  tissue  concentrations  of  Cu,  Zn,  and  related  soil  cations  were 
assessed.  Impacts  of  these  treatments  on  soil  microbial  processes  are  provided  in  Section 
3.6. 


3.5.1  Soil  Chemistry  of  Amended  Brass 

Brass  (lake  used  for  training  or  testing  will  be  deposited  to  soli  surfaces.  One  of  the 
major  requirements  for  understanding  whether  adverse  environmental  impacts  from  brass 
occur  is  to  correlate  solubilization  of  Cu  and  Zn  with  subsequent  mobility  of  solubilized 
elements  and  secondary  biological  effects.  This  requires  that  suitable  extraction  methods  be 
used  to  quantify  soluble  and/or  bloavailable  Cu  and/or  Zn.  Since  these  ions  are  chemically 
dissimilar  with  respect  to  organic  complexatlon,  sorption  to  mineral  surfaces,  and  hydrolysis, 
a  single  extraction  method  may  not  be  appropriate. 

The  only  available  data  related  to  the  weathering  of  brass  in  soils  is  that  of  Wentsel 
and  Guelta  (1986a).  These  studies  showed  brass  powder  to  weather  significantly  over 
8  months;  associated  biotic  effects  were  also  noted  (Wentsel  and  Quelta  1986a;  Wentsel 
1986).  However,  these  studies  Involved  soils  having  very  limited  ranges  In  physicochemi¬ 
cal  characteristics  (low  pH  and  high  organic  matter).  Thus,  the  purpose  of  the  present  study 
was  to  extend  the  available  data  base  to  Include  soils  with  higher  pH  and  wider  ranges  of 
organic-matter  content;  soils  selected  for  this  study  are  representative  of  Northwest  forest 
soils  (Cinebar),  semi-arid  desert  soils  (Burbank),  and  irrigated  Western  cultivated  soils 
(Palouse).  The  study  was  designed  to  evaluate  the  weathering  of  brass  over  12  to 
1 8  months  and  to  correlate  weathering  with  both  terrestrial-plant  and  soll-microbial  impacts. 
TWo  soil  systems  were  used  to  evaluate  weathering;  soil/pot  studies  using  all  soils  except 
Cecil,  and  soil  column  studies  using  all  four  soils. 

Influence  of  Brass  on  Soli  pH.  Actual  moisture  contents  of  the  soil  pots  at  analysis 
generally  were  within  90%  of  the  target  moisture  content  (Table  3.22).  Since  these  pots 
were  sampled  1  day  following  the  last  watering,  such  levels  were  expected.  The  pH  values 
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TABLE  3.22.  MOISTURE  CONTENT  AND  pH  OF  BRASS-AMENDED  SOILS  SAMPLED  AT 
100  TO  440  DAYS  AFTER  PREPARATION 


TARGET  BRASS  CONCENTRATION  (no  g  ovar  dry  soil) 
Soil  Paramatar  Unit*  C  26  100  600  2500 


Burbank 

Molatura 

%/OD 

18.7 

27.1 

21.6 

20.9 

22.2 

Molatura 

S/targat 

81.3 

118.0 

93.8 

91.0 

96.8 

pH/100  daya 

/H20 

6.80 

7.11 

7.39 

7.43 

7.99 

pH/250  daya 

/H20 

7.45 

7.14 

7.26 

7.46 

7.89 

pH/440  daya 

/H20 

8.B5 

6.94 

7.25 

7.30 

7.77 

Clnabar 

Molatura 

S/OO 

48.4 

47,8 

47.2 

47.0 

46.4 

Molatura 

S/targat 

106.1 

104.0 

102.7 

102.2 

100.9 

pH/100  daya 

/H20 

5.33 

5.28 

5.25 

5.25 

5,75 

pH/250  daya 

/H20 

6.34 

5.23 

5.06 

5.09 

5.45 

pH/440  daya 

/H20 

5.19 

5.00 

4  92 

5.03 

5.34 

Palouaa 

Molatura 

S/OO 

24.6 

24,2 

25.2 

25.1 

25,7 

Molatura 

S/targat 

94.1 

93.1 

96.7 

98.6 

98.7 

pH/1 00  daya 

/H20 

4.98W 

5.48 

5.49 

5.68 

6.30 

pH/250  daya 

/H20 

5,16 

5.20 

5.14 

5.40 

6.10 

pH/440  daya 

/H20 

4.98 

5.03 

5.07 

5.25 

6.02 

Palouaa+OM 

Molatura 

%/O0 

25.1 

24.3 

24.3 

23.7 

24.2 

Molatura 

S/targat 

98.8 

93.8 

93.3 

91.1 

93.2 

pH/1 00  daya 

/H20 

6.48 

5.35 

5.40 

5.68 

6.40 

pH/250daya 

/H20 

5.34 

4.73 

5.19 

5.37 

6.23 

pH/440  daya 

/H20 

5.11 

5.00 

5.02 

5.28 

6.02 

Raading  dona  at  -1 50  daya,  tha  laat  ->60  undar  dark  rafrlgaratlon  (4°C);  a  laoond  analyaia  at  4  daya  waa  5.41 . 
An  aarllar  raading  (8.4)  at  100  daya  waa  auapaolad  aa  being  miaraoordad. 


both  for  water  (not  shown)  and  0.01  M  CaCI2  extractions  tended  to  Increase  with  increasing 
level  of  brass  amendment,  except  in  the  high  organic-matter  Clnebar  soil.  Calcium  chloride 
Is  used  to  minimize  the  suspension  effect  (l.e.,  the  difference  In  sediment  and  supernatant 
oH)  by  Increasing  the  background  electrolyte  concentration;  CaC^-based  pH  values 
generally  run  slightly  lower  than,  but  are  well  correlated  with,  those  in  water.  This  generality 
holds  In  these  amended  soils,  where  the  difference  is  usually  In  the  range  of  0.1  to  1.0  log 
units.  The  observed  increase  in  soil  pH  with  Increasing  brass  level  can  result  either  from 
disruption  of  hydrogen-ion  equilibrium  by  the  solubilized  components  of  the  brass  or  from 
secondary  effects  on  microbial  activity.  However,  at  each  amendment  level,  pH  values  tend 
to  decrease  with  time  of  equilibration,  indicating  that  equilibrium  has  not  been  reached  with 
regard  to  weathered  components  of  the  brass. 
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We  presume  the  increased  pH  to  result  from  the  formation  of  the  + 2  ion  following  initial 
oxidation  by  dissolved  oxygen,  as  indicated  in  the  generalized  equations 

2M  +  02-->2M0 
M0  +  H20->M*2+2  OH* 


Pore-water  displacement  may  be  the  most  direct  Indicator  of  truly  soluble  components 
in  the  soil  pots.  These  most  likely  are  less  than  would  be  considered  available  for  plant 
uptake.  Considerable  variation  In  response  of  the  three  soils  to  brass  amendment  Is  noted  In 
this  limited  analysis  set  (Table  3.23).  In  particular,  the  overall  decrease  In  soluble  ionic 
content  in  the  amended  Clnebar  is  surprising.  For  Burbank,  the  higher  pH  suggests  that  the 
solubilized  Cu  should  be  driven  to  CuO,  and  the  Zn  to  ZngiOH^COglg  (Baes  and  Mesmer 
1976),  since  the  organic  content  of  this  soil  Is  minimal.  The  low  soluble  levels  of  Cu  and  Zn 
Indicate  that  this  Is  occurring.  The  soil  organic  content  and  the  Increased  dissolved  organic 
carbon  (DOC)  In  brass-amended  Clnebar  could  have  competing  effects  on  dissolved  Cu, 
which  would  otherwise  be  expected  to  show  slight  contribution  (0.01%)  as  Cu+2,  Zinc  would 
be  less  affected  by  organics,  and  would  be  expected  to  occur  as  Zn+2  (Baes  and  Mesmer 
1976).  Metal  distributions  in  brass-amended  Palouse+OM  should  be  similar  to  those 
proposed  for  Clnebar.  These  results'lndicate  that  both  Cu  and  Zn  are  behaving  as  expected 
In  these  soils. 

Selective  Extractions  of  Brass-Amended  Soils.  In  Tables  3.24  and  3.25,  selective 
extraction  results  are  reported  on  a  pg/g  oven-dry  soil  basis.  Following  subtraction  of  the 
background  levels  contributed  by  native  soil  minerals,  defined  as  those  levels  extractable 
from  the  unamended  soils,  metal  content  Is  then  described  in  terms  of  percent  of  the  corres¬ 
ponding  metal  amendment  (Tables  3.25  and  3.26).  To  provide  a  uniform  basis  on  which  to 
report  metal  distribution  in  selective  extraction  categories,  we  have  used  the  results  from  Parr 
bomb  acid  digestion  of  the  amended  soils  as  the  denominator.  This  procedure  provides  a 
direct  method  for  comparing  results  over  time,  but  Is  hampered  by  its  inflexibility  to  recoveries 
that  might  reflect  heterogeneity  In  the  samples,  or  the  general  improved  recoveries  as 
summed  over  the  sequential  extraction.  Recall  that  the  Parr  extractions  generally  yielded 
results  about  10%  lower  than  the  target  concentration,  suggesting  Incomplete  solubilization 
in  the  bomb  extraction  (or,  more  likely,  the  Inability  to  prevent  re-adsorptlon).  For  these  data, 
recovery  based  on  selective  extraction  from  the  weathered  soils  generally  yields  Zn 
recoveries  in  excess  of  the  Parr  bomb  results,  suggesting  that  the  combination  of  extractants 
might  be  aiding  In  solubilizing  the  metals. 
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TABLE  3.23.  COMPARISON  OF  READILY  SOLUBLE  COMPONENTS  IN  FREON-DISPLACED 
PORE  WATERS  OF  CONTROL  AND  BRASS-AMENDED  SOILS  (100  DAYS) 


Component 

0 

Burbank 

2500 

Burbank 

0 

Clnebar 

2500 

Clnebar 

0 

Palouse+OM 

2500 

Palouse+OM 

pH  (pH  unite) 

6.81 

8.07 

5.22 

5.34 

4.90 

8.64 

mL/g  00  aoil 

0.21 

0.21 

0.44 

0.43 

0.24 

0.23 

%H20  displaced 

61.2 

60.4 

32.3 

27.6 

36.6 

34.4 

,.,(pg/mL) . 

Cu 

0.01 

0.47 

0.01 

0.57 

0.01 

1.16 

Zn 

<.01 

0.1 

0.02 

6.04 

<.01 

15.66 

Al 

<.03 

<.03 

0.49 

0.13 

0.12 

0.10 

Be 

0.17 

0.21 

3.1 

1.0 

0.21 

1.7 

Ca 

84.0 

93.4 

438.3 

140.4 

252.5 

264.6 

K 

40.4 

65.6 

120.2 

75.0 

197.0 

162.6 

Mg 

3.4 

3.3 

52.8 

17.9 

10.7 

10.7 

Mn 

<.001 

<.001 

0.30 

7.91 

0.02 

0.003 

Na 

2.5 

2.7 

9.6 

5.4 

3.1 

3.0 

P 

0.53 

0.24 

0.28 

0.16 

0.96 

0.37 

SI 

16.2 

8.9 

12.3 

8.0 

34.2 

14.5 

Sr 

0.35 

0.39 

9.95 

3.25 

1.81 

1.77 

a* 

5.9 

8.6 

33.6 

12.2 

27.9 

31.6 

N03‘ 

387.3 

268.3 

2119 

804.2 

1230 

1222 

S042' 

27.5 

25.9 

5.1 

8.7 

21.2 

33.9 

F" 

0.08 

0.65 

0.03 

0.01 

0.01 

0.05 

Organlo  C 

10.8 

35.4 

21.7 

27.2 

14.5 

23.0 

Inorganic  C 

2.1 

30.8 

0.2 

0.3 

0.2 

0.3 

NH4+ 

0.11 

0.44 

0,12 

0.15 

0.09 

0.22 

meq  Cations 

7.09 

8.01 

35.9 

13.8 

21.9 

42.2 

meq  Anions 
Anlon-Catlon 

6.86 

7.63 

35.2 

13.5 

21.2 

21.3 

Balance*** 

0.017 

0.024 

0.009 

0.010 

0.017 

0.021 

*“*  Anlon-catlon  balance  la  defined  aa  (oatlon  meq  •  anion  meq)/(oation  meq  +  anion  meq) 


3.38 


I 

I 

I 


TABLE  3.24.  COMPARISON  OF  EXTRACTABLE  Cu  DISTRIBUTIONS  IN  CONTROL  AND 
BRASS  AMENDED  SOILS,  PRIOR  TO  SUBTRACTION  OF  CONTRO-SOIL 

CONTRIBUTION^ 


Soil/  Targat  Braaa  Concentration  (no  Cu/g  ovan  dry  toll) 


Paramater 

Daya 

0 

25 

100 

500 

2500 

Burbank 

Exohangaabla 

0 

<.4 

nd<»> 

nd 

nd 

2.4 

Exohangaabla 

100 

0.4 

0.6 

0.7 

2.2 

1.8 

Exohangaabla 

280 

0.2 

0.3 

0.5 

2.0 

1.5 

Exohangaabla 

440 

-0 

-0 

-0 

1.5 

0.9 

Inorganioally  bound 

0 

<,4 

nd 

nd 

nd 

1540 

Inorganloally  bound 

100 

0.1 

5.1 

33.8 

242 

1352 

Inorganioally  bound 

250 

0.1 

4.9 

34.9 

257 

1386 

Inorganloally  bound 

440 

-0 

4.5 

31.9 

260 

1538 

Organically  bound 

0 

2 

nd 

nd 

nd 

<13 

Organioally  bound 

100 

2.1 

10.0 

19.2 

33.0 

43.1 

Organloally  bound 

250 

1.2 

8.9 

18,7 

nag*0* 

nag 

Organioally  bound 

440 

-0 

9.9 

15.5 

nag 

nag 

Raaldual,  K4P207 

0 

3 

nd 

nd 

nd 

27 

Raaldual,  K4P207 

100 

14.0 

15.4 

28.3 

87.3 

313 

Raaldual.  K4P207 

250 

11.8 

18.0 

27.7 

89.0 

339 

Raaldual,  K4P207 

440 

10.3 

15.2 

28.0 

107.2 

457 

Raaldual  HAo 

0 

4 

nd 

nd 

nd 

108 

Raaldual,  MAo 

100 

13.1 

23.8 

44.9 

83.3 

191 

Raaidual,  HAo 

250 

nd 

nd 

nd 

nd 

nd 

Raaldual,  HAo 

440 

nd 

nd 

nd 

• 

nd 

nd 

Clnabar 

Exohangaabla 

0 

<.4 

nd 

nd 

nd 

37 

Exohangaabla 

100 

0.8 

0.7 

0.9 

3.9 

34.6 

Exohangaabla 

250 

<.4 

<.4 

0,5 

3.9 

39.5 

Exohangaabla 

440 

-0 

-0 

-0 

2.3 

30.9 

Inorganically  bound 

0 

<.4 

nd 

nd 

nd 

858 

Inorganloally  bound 

100 

0.2 

1.3 

5.5 

58.9 

682 

Inorganloally  bound 

250 

0.1 

0.9 

5,1 

58.2 

653 

Inorganloally  bound 

440 

-0 

0.7 

4.3 

50.2 

580 

Organloally  bound 

0 

9 

nd 

nd 

nd 

526 

Organioally  bound 

100 

8.2 

16.3 

46  5 

177 

668 

Organioally  bound 

250 

6.4 

14.1 

39.1 

142 

549 

Organically  bound 

440 

8.0 

15.5 

38.8 

153 

647 

Raaldual,  K4P207 

0 

11 

nd 

nd 

nd 

316 

Raaldual.  K4P207 

100 

32.6 

41.5 

57,3 

129 

446 

Raaldual,  K4P207 

250 

34.1 

39.7 

60.9 

138 

490 

Raaldual,  K4P207 

440 

33.1 

38.1 

57.1 

143 

485 

Raaidual,  HAo 

0 

10 

nd 

nd 

nd 

874 

Raaldual,  HAo 

100 

42.9 

59.9 

98.4 

298 

1140 

Raaldual,  HAo 

250 

nd 

nd 

nd 

nd 

nd 

Raaidual,  HAo 

440 

nd 

nd 

nd 

nd 

nd 
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TABLE  3.24.  (CONTD) 


Soil/  Target  Braaa  Conoantration  (pg  Cu/g  ovan  dried  aoil) 

Parameter  Daya  0  25  100  500  2500 


Palouae 


Exchangeable 

0 

<.4 

Exchangeable 

100 

0.4 

Exchangeable 

250 

<.4 

Exchangeable 

440 

-0 

Inorganically  bound 

0 

<.4 

Inorganloally  bound 

100 

0.2 

Inorganloally  bound 

250 

0.2 

Inorganloally  bound 

440 

-0 

Organically  bound 

0 

6 

Organically  bound 

100 

5.3 

Organically  bound 

250 

4.3 

Organically  bound 

440 

5.9 

Residual,  K4P207 

0 

4 

Residual,  K4P207 

100 

15.3 

Residual,  K4P207 

250 

8.2 

Residual,  K4P207 

440 

14.3 

Residual,  HAo 

0 

r 

Residual,  HAo 

100 

68.4 

Residual,  HAo 

250 

nd 

Residual,  HAc 

440 

nd 

Palouae+OM 

Exchangeable 

0 

<.4 

Exchangeable 

100 

0.6 

Exchangeable 

250 

«.4 

Exchangeable 

440 

-0 

Inorganloally  bound 

0 

<.4 

Inorganloally  bound 

100 

0.4 

Inorganloally  bound 

250 

0.4 

Inorganloally  bound 

440 

-0 

Organically  bound 

0 

8 

Organloally  bound 

100 

5.4 

OrganlcnHv  bound 

250 

5.0 

Organically  bound 

440 

4.7 

Residual,  K4P207 

0 

4 

Residual,  K4P207 

100 

14.6 

Residual,  K4P207 

250 

11.3 

Residual,  K4P207 

440 

14.4 

Residual,  HAo 

0 

8 

Residual,  HAo 

100 

21.1 

Residual,  HAo 

250 

nd 

Residual,  HAc 

440 

nd 

nd 

nd 

nd 

34 

0.0 

1.2 

13.2 

45.1 

0,3 

1.0 

14.5 

54.2 

<0 

-0 

12.1 

50.3 

nd 

nd 

nd 

978 

0.5 

6.2 

87.4 

335 

0.7 

6.2 

92.3 

385 

0,6 

5.5 

90.6 

901 

nd 

nd 

nd 

475 

19.1 

so.e 

220 

648 

17.1 

49.1 

188 

494 

16.4 

47.3 

177 

439 

nd 

nd 

nd 

141 

20.5 

26.3 

57.2 

217 

15.4 

23.2 

54.4 

219 

20.5 

30.2 

66.5 

280 

nd 

nd 

nd 

686 

36.8 

78.1 

259 

796 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

29 

0.8 

1.3 

11.1 

40.5 

0.3 

1.1 

13.1 

48.1 

•0 

-0 

11.9 

49.9 

nd 

nd 

nd 

950 

0.7 

6.6 

90.2 

806 

0.7 

6.7 

93.9 

851 

0.6 

6.4 

87.2 

847 

nd 

nd 

nd 

496 

18.1 

53.1 

224 

684 

17.2 

50.1 

195.0 

585 

16.1 

50.3 

191 

502 

nd 

nd 

nd 

126 

18.9 

28.5 

58.0 

217 

16.7 

25.4 

51.3 

228 

20.1 

29.9 

64.6 

237 

nd 

nd 

nd 

678 

39.5 

81.9 

263.2 

782.3 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

n  ■  2  at  0  days;  n  «l  for  ail  other. 

^  nd:  not  determined. 

nag:  negative  reault  to  the  determination  of  thla  value  by  eubtraotlng  exchangeable  plue  Inorganic 
compartment*  from  the  pyrophoaphata-extraciabie  compartment. 
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TABLE  3.2B.  COMPARISON  OF  EXTRACTABLE  ZN  DISTRIBUTIONS  IN  CONTROL  AND 
BRASS-AMENDED  SOILS,  BEFORE  SUBTRACTION  OF  CONTROL-SOIL 
CONTRIBUTION  (n-l).W 


Soil/ 

Paramatar 

Daya 

Targat  Braaa  Concentration  (fig  Zn/g  ovan  dry  aoil) 
0  25  100  500 

2500 

Burbank 

Exchangaabla 

0 

S.4 

nd(k) 

nd 

nd 

8 

Exohangaabla 

100 

0.3 

0.7 

1.1 

14.9 

16.4 

Exohangaabla 

250 

0.5 

0.4 

1.4 

14.2 

16.5 

Exohangaabla 

440 

-0 

-0 

-0 

13.1 

17.8 

Inorganically  bound 

0 

1 

nd 

nd 

nd 

268 

Inorganically  bound 

100 

0.8 

4.3 

16.8 

79.8 

438 

Inorganically  bound 

250 

0.7 

3.9 

14.2 

71.5 

405 

Inorganioally  bound 

440 

-0 

4.2 

16.4 

88.1 

541 

Organloally  bound 

0 

6 

nd 

nd 

nd 

-50 

Organically  bound 

100 

10.8 

1.6 

5.2 

12.8 

107 

Organically  bound 

250 

2.5 

3.2 

4.2 

7.6 

70.1 

Organically  bound 

440 

-0 

nag<°> 

nag 

nag 

nag 

Raaidual.  K4P207 

0 

10 

nd 

nd 

nd 

-50 

Raaidual,  K4P207 

100 

48.2 

51.8 

58.3 

87.7 

184 

Raaidual,  K4P207 

250 

46.8 

48.1 

54.1 

85.0 

184 

Raaidual,  K4P207 

440 

47,5 

47.5 

51.8 

88.8 

228 

Raaidual,  HAc 

0 

10 

nd 

nd 

nd 

-36 

Raaidual,  HAo 

100 

51.2 

49.7 

57.3 

64.5 

99.4 

Raaidual,  HAc 

250 

nd 

nd 

nd 

nd 

nd 

Raaidual,  HAo 

440 

nd 

nd 

nd 

nd 

nd 

Cinabar 

Exchangaabla 

0 

5.4 

nd 

nd 

nd 

276 

Exchangaabla 

100 

0.7 

1.8 

6.1 

47.5 

260 

Exchangaabla 

250 

1.8 

2.1 

5.8 

45.7 

265 

Exohangaabla 

440 

-0 

1.5 

4.8 

38.8 

243 

Inorganically  bound 

0 

8 

nd 

nd 

nd 

308 

Inorganically  bound 

100 

<.4 

11.1 

17.1 

11.0 

257 

Inorganically  bound 

250 

3.5 

5.2 

10.5 

36,6 

172 

Inorganically  bound 

440 

3.3 

5.8 

10.7 

44.3 

227 

Organloally  bound 

0 

12 

nd 

nd 

nd 

0 

Organloally  bound 

100 

15.7 

10,0 

15.7 

55.0 

52.0 

Organically  bound 

250 

9.0 

10.3 

14.0 

15.1 

78.0 

Organloally  bound 

440 

nag 

8.3 

9,9 

6.2 

nag 

Raaidual,  K4P207 

0 

35 

nd 

nd 

nd 

130 

Raaidual,  K4P207 

100 

115 

116 

120 

142.2 

274 

Raaidual,  K4P207 

250 

112 

114.9 

137 

145 

297 

Raaidual,  K4P207 

440 

112 

108 

119 

153 

288 

Raaidual,  HAc 

0 

30 

nd 

nd 

nd 

84 

Raaidual,  HAo 

100 

132 

131 

141.7 

156 

269 

Raaidual,  HAc 

250 

nd 

nd 

nd 

nd 

nd 

Raaidual,  HAo 

440 

nd 

nd 

nd 

nd 

nd 

TABLE  3.2S.  (CONTD) 


Soil/ 

Parameter 

Days 

0 

Target  Braes  Concentration  (pg  ZrVg  oven  dry  soil) 

25  100  500  2500 

Palousa 

Exchangeable 

0 

<.4 

nd 

nd 

nd 

268 

Exchangeable 

100 

0.4 

<.4 

6.4 

88,7 

300 

Exchangeable 

250 

1.2 

1.2 

5.8 

66.8 

307 

Exchangeable 

440 

-0 

•0 

4.1 

55.4 

283 

Inorganically  bound 

0 

1 

nd 

nd 

nd 

262 

Inorganically  bound 

100 

1.5 

1.8 

7.1 

31,7 

212 

Inorganically  bound 

250 

0.6 

1.6 

5.9 

24.5 

182 

Inorganically  bound 

440 

0.5 

1.5 

6.0 

38.7 

258 

Organically  bound 

0 

12 

nd 

nd 

nd 

104 

Organloally  bound 

100 

7,4 

11.0 

11.5 

30.2 

97.1 

Organloally  bound 

250 

3.7 

6.9 

11.8 

33.7 

96.6 

Organloally  bound 

440 

nog 

nag 

9.7 

12.8 

nag 

Residual,  K4P207 

0 

10 

nd 

nd 

nd 

00 

Residual,  K4P207 

100 

58.2 

82.2 

61.9 

75.3 

138 

Residual,  K4P207 

250 

46.5 

55.7 

58.4 

70.1 

133 

Residual,  K4P207 

440 

54.2 

57.6 

62.1 

80.9 

154 

Residual,  HAo 

0 

12 

nd 

nd 

r.d 

74 

Residual,  HAo 

100 

65.4 

88.7 

73.0 

83.6 

141 

Residual,  HAo 

250 

nd 

nd 

nd 

nd 

nd 

Residual,  HAo 

440 

nd 

nd 

nd 

nd 

nd 

Palouse+OM 

Exchangeable 

0 

<.4 

nd 

nd 

nd 

250 

Exchangeable 

100 

0.8 

1.2 

7.4 

68.1 

286 

Exchangeable 

250 

1.0 

1.7 

8.7 

69.2 

292 

Exchangeable 

440 

*0 

-0 

4.7 

59.B 

300 

Inorganically  bound 

0 

1 

nd 

nd 

nd 

272 

Inorganloally  bound 

100 

0.9 

1.9 

7.3 

31.6 

205 

Inorganically  bound 

250 

0.5 

1.6 

6.2 

26.5 

178 

Inorganloally  bound 

440 

0.5 

1.4 

7.1 

35.1 

221 

Organloally  bound 

0 

5 

nd 

nd 

nd 

90 

Organloally  bound 

100 

5.2 

8.4 

11.1 

31.0 

111 

Organloally  bound 

250 

4.7 

6,4 

11.5 

28.8 

107 

Organloally  bound 

440 

nog 

nag 

8.7 

8.2 

2.9 

Residual.  K4P207 

0 

10 

nd 

nd 

nd 

58 

Residual,  K4P207 

100 

58.7 

60.4 

65.1 

74.7 

138 

Residual,  K4P207 

250 

53.2 

54.2 

58.8 

84.6 

134 

Residual,  K4P207 

440 

56.6 

55.9 

81.7 

78.1 

237 

Residual,  HAo 

0 

14 

nd 

nd 

nd 

74 

Residual,  HAo 

100 

80.7 

67,0 

72.7 

83.5 

139 

Residual,  HAo 

250 

nd 

nd 

nd 

nd 

nd 

Residual,  HAo 

440 

nd 

nd 

nd 

nd 

nd 

W  n  ■  2  at  0  days;  n  •  1  for  all  others. 


nd:  not  determined. 

^  nag:  nagativa  raault  to  tha  datarmlnation  of  thla  value  by  aubtractlng  exchangeable  plus  Inorganic 
compartments  from  the  pyrophoaphata-extradable  compartment. 
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TABLE  12ft.  SUMMARY  COMPARISON  OF  SELECTIVE  EXTRACTION  TECHNIQUES  FOR 
BRASS-AMENDED  SOILS:  Cu 


Soil  Concentration 
(Target) 

Elapsed 

Days 

Exchangeable  Inorganically  Orgenioelly 
Bound  Bound 

- Total  Cu,  extraction  reoovery) — 

Raelduel 

P207 

Total 

Recoverable  Zn 
ixg/g  oven  dry  soil 

Brass  only^ 

.6 

99 

-0 

nd 

Burbank 

25 

100 

1 

35 

54 

10 

15 

250 

.6 

28 

48 

26 

17 

440 

-0 

23.4 

52 

25 

19 

100 

100 

.5 

53 

27 

19 

63 

250 

.4 

53 

22 

25 

66 

440 

-0 

49 

24 

27 

65 

soo 

100 

,  .5 

70 

9 

21 

348 

250 

.5 

76 

«0 

23 

336 

440 

.4 

73 

-0 

27 

358 

2500 

100 

.1 

80 

2 

18 

1693 

250 

.1 

81 

-0 

19 

1715 

440 

-0 

78 

•0 

23 

1885 

Cinebar 

25 

100 

.5 

6 

44 

49 

18 

250 

-0 

5 

55 

40 

14 

440 

.0 

5 

57 

38 

13 

100 

100 

.4 

8 

58 

36 

69 

250 

1 

8 

50 

41 

65 

440 

-0 

7 

82 

41 

59 

500 

100 

1 

18 

52 

29 

328 

250 

1 

19 

45 

34 

302 

440 

.8 

16 

47 

36 

307 

2500 

100 

2 

3A 

37 

23 

1789 

250 

2 

39 

32 

27 

1691 

440 

2 

34 

38 

27 

1702 

Palouaa 

25 

100 

■c.l 

2 

71 

27 

10 

250 

-0 

2.4 

62 

36 

20 

440 

•0 

3.3 

61 

36 

17 

100 

100 

1 

10 

71 

18 

64 

250 

2 

9 

67 

23 

66 

440 

-0 

9 

66 

25 

83 

500 

100 

4 

24 

60 

12 

356 

250 

4 

27 

54 

14 

336 

440 

4 

28 

52 

16 

326 

2500 

100 

3 

48 

37 

12 

1724 

250 

3 

54 

30 

13 

1638 

440 

3.1 

55 

27 

15 

1830 

I 
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TABLE  3.26.  (CONTD) 


Soil  Concantration  Elapasd  ExehangaWa  Inorganically  Organically  Raaidual  Total 

[Targat]  Day*  bound  bound  ?207  Raeovarabla  Cu 

- (%  Total  Cu,  axtraetlon  raoovary) -  ng/g  ovan  dry  soil 


Palousa+OM 

25 

100 

.1 

2 

73 

25 

17 

250 

2 

2 

67 

30 

18 

440 

-0 

3.5 

64 

32 

18 

100 

100 

1 

9 

70 

20 

69 

250 

2 

10 

68 

21 

67 

440 

-0 

10 

87 

23 

68 

500 

100 

3 

25 

61 

12 

360 

250 

4 

28 

56 

12 

337 

440 

3.8 

26 

55 

15 

335 

2500 

100 

2 

47 

39 

12 

1727 

250 

3 

51 

34 

13 

1671 

440 

3.1 

52 

31 

14 

1617 

Ovarall  Soil  Avaragaa: 

25 

100 

.4  ±5 

11  ±  18 

60  ±  14 

28  ±18 

17  ±2 

250 

.5  ±  .8 

9  ±  12 

57  ±  9 

33  ±6 

18  ±  3 

440 

■0  ±  0 

9  ±  10 

59  ±  5 

33  ±6 

17  ±3 

100 

100 

.8  ±  .4 

20  ±22 

56  ±  20 

23  ±8 

66  ±3 

250 

1.1  ±.6 

20  ±22 

52  ±  21 

27  ±9 

86  ±  1 

440 

-0  ±0 

19  ±20 

52  ±  20 

29  ±8 

64  ±  4 

500 

100 

2.0  ±1.5 

34  ±  24 

45  ±  25 

18  ±  9 

348  ±  14 

250 

2.5  ±1.9 

38  ±26 

30  ±  26 

21  ±10 

328  ±17 

440 

2.1  ±1.8 

36  ±25 

39  i  26 

24  ±10 

332  ±22 

2500 

100 

1.7  ±1.1 

53  ±  18 

29  ±  18 

16  ±6 

1733  ±40 

250 

2.1  ±1.4 

58  ±  18 

24  ±  16 

17  ±7 

1679  ±32 

440 

2  ±1.4 

55  ±  18 

24  ±  16 

20  ±6 

1734  ±172 

W  Dona  aa  aaparata  axtraotlona  only,  not  aa  aaquantial  axtraetlona. 

Plrat  valua  la  at  aolution  ratio  aquivalant  to  that  usad  for  axtraetlon  of  tha  2500  ug  braao/g  soil  amendmant 
laval;  second  valua  la  for  axtraetlon  aolution:  brasa  ratio  1 0x  that  of  tha  first. 


■ 
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The  O-tlme  extraction  of  control  soils  and  2500-pg/g-amended  soils  was  done  within 
10  to  25  days  of  initial  soil  amendment  (0  time).  Prior  to  analysis,  the  aliquots  were  stored  in 
the  dark  at  4°C,  in  sealed  poly  bags.  Following  pyrophosphate  or  CaC^/acetic  acid  extrac¬ 
tion,  the  extraction  residues  were  digested  in  several  steps  In  an  effort  to  reoover  residual 
metal  components  after  pyrophosphate  or  acetic  acid  extractions;  because  of  these  steps, 
digestion  efficiency  was  probably  diminished,  as  suggested  by  the  level  of  unaccounted  for 
Cu.  Current  procedures  depend  on  sealed-vessel  (Parr)  bomb  acid  digestion  of  all  residual 
fractions.  The  bulk  of  recovered  Cu  extracted  as  expected  In  the  Inorganically  bound  frac¬ 
tion,  but  mass  balance  was  poor.  Zinc  also  extracted  in  the  inorganic  fraction  for  Burbank 
soil,  but  appeared  to  be  more  readily  exchangeable  In  Clnebar  and  Palouse  soils. 

At  the  100-  to  440-day  samplings  (weathered);  Cu  Is  associated  primarily  with  the 
Inorganically  bound  fraction  in  Burbank  soil,  as  it  Is  In  the  0-tlme  amended  soli  (Table  3.24). 

In  the  three  weathered  and  the  0-tlme  soil  treatments  for  Palouse  and  Clnebar,  Cu  is  associ¬ 
ated  with  the  inorganic-bound  and  organic-bound  fractions,  indicating  the  Importance  of  soil 
organic  matter.  Zinc  is  found  mainly  in  the  Inorganically  bound  fraction  for  Burbank  (Table 
3.25),  but  appears  more  readily  exchangeable  at  the  higher  amendment  levels  in  Clnebar 
and  Palouse.  The  fraction  of  Zn  associated  with  the  organic-bound  compartment  Increases 
with  decreasing  amendment  level,  similarly  to  the  Cu  response.  This  would  suggest  that 
complexation  sites  for  solubilized  Zn  and  Cu  are  limited.  Distribution  patterns  are  generally 
similar  for  the  0-tlme  and  100-  to  440-day  weathered  soils. 

In  Tables  3.22  and  3.27,  the  data  presented  in  Tables  3.24  and  3.25  are  expressed  as 
a  %  of  total  Cu  or  Zn,  based  on  Parr  bomb  digestion  for  total  metal.  Based  on  the  fraction 
percentages  for  the  2500-pg/g  treatments,  notable  differences  between  the  0-tlme  and  1 00- 
day  weathered  samples  exist.  For  Burbank,  on  weathering  there  is  a  decrease  in  Cu 
associated  with  the  inorganically  bound  fraction  and  an  Increase  in  the  fraction  associated 
with  the  organically  bound  and  residual  fractions.  Similar  trends  are  observed  for  the  Palouse 
and  Clnebar  soils,  with  the  fraction  of  Cu  associated  with  the  organically  bound  increasing 
dramatically  on  weathering.  This  would  be  expected  for  the  higher  organic-matter  soils.  The 
behavior  of  Zn  on  weathering  (Table  3.27)  is  similar  to  Cu,  except  that  substantially  less  Zn  Is 
found  in  the  organically  bound  fraction.  This  would  suggest  that  organic  complexation  may 
not  play  a  significant  role  in  binding  solubilized  Zn. 

The  hot-water  extraction  procedure  Is  designed  to  minimize  the  effects  of  microbial 
interactions  and  varying  rates  In  approaching  equilibrium  between  aqueous  and  solid 
phases  that  are  common  to  long-term  leaching  studies.  The  20:1  water  to  solids  ratio  is 
chosen  to  eliminate  many  of  the  mineral  solubility  controls  without  adversely  sacrificing 
detection;  the  extraction  time  and  temperature  were  optimized  In  earlier  in-house  work 
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involving  soil  and  ash  samples.  Solutions  resulting  from  this  method  showed  increased  pH 
at  the  higher  amendment  levels,  though  the  difference  was  less  marked,  because  of  the 
dilution  effect. 

Selected  readily  soluble  components,  as  determined  by  the  hot-water  extraction 
procedure,  are  listed  in  Table  3.28.  The  hot-water  extraction  tends  to  Increase  solubilization 
of  organic-carbon  components,  often  with  corresponding  Impairment  of  the  anion/cation 
balance  because  organic  anions  are  not  analyzed.  Several  general  observations  can  be 
made  from  the  resulting  dissolved  species.  Copper  and  Zn  show  the  expected  increase  In 
solubility  with  Increased  amendment  level,  but  the  Increase  b  much  less  pronounced  for 
Burbank  than  for  the  other  soils.  The  ratio  of  Zn  to  Cu  In  the  dissolution  from  Burbank  soli  is 
significantly  lower  than  that  from  the  other  soils.  Burbank  soil  also  shows  decreased  soluble 
Al,  Mn,  and  Fe  with  increased  brass  amendment  level;  In  contrast,  the  other  soils  generally 
show  constant  or  Increasing  levels  of  these  three  elements.  Total  P  declines  with  increasing 
brass  amendment  for  all  soils  except  Clnebar.  Phosphate  would  be  Important  to  the  solution 
chemistry  of  Zn  and  Fe,  and  to  the  major  cations  Ca  and  Mg  (Lindsay  1979),  but  it  also  could 
be  involved  with  precipitation  of  Al,  depending  on  saturation  level  and  availability  of  K  (Van 
Rlem8dljk  and  Lyklema  1980).  Although  detailed  soils  discussion  is  outside  the  scope  of  this 
project,  these  observations  Indicate  that  soil  conditions  strongly  Influence  the  weathering  of 
brass,  which  In  turn  alters  distributions  of  other  species. 

The  amount  of  brass  solubilized  from  the  highest  brass-amendment  level  by  the  hot- 
water  extraction  represents  roughly  0.5%  of  that  in  Burbank  soil,  based  on  Cu  analysis,  and 
only  0.1  to  0.3%  for  Zn.  Palouse  soils  show  1 .8  to  2.1%  brass  dissolved,  based  on  Cu,  and 
1 .3  to  1 .8%  based  on  Zn.  For  Clnebar,  solubility  appears  to  be  affected  by  the  pretreatment  of 
the  soli:  for  time-0  dry  soil,  3.5%  was  soluble,  based  on  Cu,  and  2.7%,  based  on  Zn;  for  wet 
soil,  the  level  dropped  to  1 .5%  based  on  Cu  and  1.1%  based  on  Zn.  After  100  days  of 
weathering,  the  value  was  -1 .5%,  based  on  either  metal. 

Major  cations  such  as  Ca,  Na,  and  K  are  not  Included  in  these  tables  because  their 
soluble  components  changed  very  little  with  changes  in  brass  concentration  and  because  the 
high  dilution  factor  resulting  from  the  hot-water  extract  would  tend  to  Increase  dissolution, 
thereby  masking  minor  changes  in  true  pore-water  concentrations.  Generally,  from  1 .2  to  3.5 
times  the  pore-water  Ca  was  solubilized  by  the  hot- water  extraction;  similarly,  the  factors 
were  7  to  13  times  for  Na  and  3.6  to  5  times  for  K. 

Major  anionic  components,  ammonia,  and  C  distribution  In  the  hot-water  extraction  are 
listed  In  Table  3.29.  DOC  levels  show  no  effect  of  brass  amendment.  The  Increase  in 
Inorganic  carbon  can  be  attributed  in  pari  to  the  Increase  In  pH  with  increasing  brass 


3.46 


amendment.  Ammonia  levels  increase  with  Increasing  brass  amendment  for  all  soils;  nitrite 
levels  show  slight  peak  with  25  and  100  ppm  brass  for  Palouse+CM  and  Ralouse, 
respectively;  nitrate  peaks  at  500  ppm  brass  for  Burbank  and  Cinebar,  but  shows  less 
prominent  variation  for  Palouse+OM,  and  a  general  decrease  with  nr?$s  amendment  for 
Palouse.  The  nitrogen  species  could  be  controlled  by  both  c'  > — ileal  and  microbiological 
processes.  The  markedly  lower  ammonia  levels  In  the  displaced  pore  waters,  relative  to  the 


TABLE  3.27.  SUMMARY  COMPARISON  OF  SELECTIVE  EXTRACTION  TECHNIQUES  FOR 
BRASS-AMENDED  SOILS:  Zn 


Soil  Concentration 
[Ta'gat] 

Elapaed 

Days 

Exchangeable  Inorganically  Organloady 
Bound  Bound 

Raaldual 

P207 

Total. 

Recoverable  Zn 
ug/g  ovan  dry  toll 

CD 

m 

8 

O 

1.2 

98 

<3 

nd 

Burbank 

2S 

100 

e 

48 

bdl(b> 

47 

8 

250 

<bklW 

71 

bdi 

29 

17 

440 

-0 

99 

-0 

1 

4 

100 

100 

3 

80 

bd 

38 

27 

250 

4 

58 

7 

31 

23 

440 

-0 

79 

-0 

21 

21 

SOO 

100 

11 

58 

2 

29 

135 

250 

11 

55 

4 

30 

128 

440 

9 

61 

-0 

29 

141 

2500 

100 

2 

84 

14 

20 

685 

250 

3 

65 

11 

22 

625 

440 

2 

73 

-0 

24 

739 

Clnabar 

25 

100 

a 

88 

bd 

4 

13 

250 

a 

28 

21 

43 

6 

440 

13 

21 

103 

nag 

11 

100 

100 

20 

63 

.1 

17 

27 

250 

10 

17 

12 

81 

41 

440 

15 

23 

40 

23 

33 

500 

100 

38 

38 

2 

22 

124 

250 

38 

28 

5 

28 

118 

440 

30 

32 

7 

31 

130 

2600 

100 

36 

36 

5 

22 

713 

250 

38 

24 

10 

27 

685 

440 

38 

35 

.0 

27 

643 

Palouaa 

25 

100 

<.1 

4 

42 

53 

8 

250 

<■1 

7 

24 

89 

13 

440 

-0 

22 

.0 

78 

4 

100 

100 

31 

29 

21 

19 

19 
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mE.a.27.  (contd) 


Soil  Concentration 
(Target] 

Elapsed 

Days 

Exohangeabls 

. . .  .  CiLint 

Inorganically 

Bound 

at  Zn,  extraction 

Organically 

Bound 

Residual 

P207 

Total 

Recoverable  Zn 
pg/g  oven  dry  ooll 

Palouse  (cont.) 

250 

15 

18 

27 

40 

30 

440 

15 

20 

37 

29 

28 

500 

100 

50 

21 

17 

12 

136 

250 

46 

18 

21 

16 

145 

440 

42 

29 

10 

20 

134 

2500 

100 

44 

31 

13 

12 

680 

250 

48 

27 

14 

13 

870 

440 

44 

40 

*0 

16 

640 

Palouse+OM 

25 

100 

5 

12 

38 

44 

8 

250 

16 

24 

30 

21 

4 

440 

•0 

352 

-0 

nag 

0.3 

100 

100 

24 

23 

22 

31 

27 

250 

24 

23 

28 

23 

24 

440 

18 

28 

36 

20 

26 

500 

100 

48 

22 

18 

13 

142 

250 

53 

20 

18 

9 

129 

440 

40 

28 

7 

16 

123 

2500 

100 

42 

30 

18 

12 

876 

250 

46 

27 

16 

12 

851 

440 

49 

36 

0.6 

15 

614 

Overall  Soil  Averages  (see  Table  V.1 0  of  Brass  Monthly  Report): 

25 

100 

5  ±4 

38*38 

20*23 

37*22 

9*2 

250 

8±e 

33*28 

21*16 

41*21 

7*4 

440 

3*7 

123*157 

26*52 

53*141 

5*5 

100 

100 

20*12 

44*21 

11*12 

28±10 

25+4 

250 

13±9 

29*19 

19*11 

39*16 

29*8 

440 

1 2±8 

37*28 

28*19 

23*4 

27*5 

500 

100 

37*1 8 

35*18 

10*9 

19*8 

134*8 

250 

37*18 

30*18 

12*9 

21*10 

130*12 

440 

32*17 

37*18 

6*4 

24*7 

132*8 

2500 

100 

31*20 

40*16 

12*5 

16*5 

888*17 

250 

33*20 

36*19 

13*3 

19*7 

858*26 

440 

33*2 

146*18 

0.1*0. 3 

21*6 

172*659 

^  Dona  a*  separate  extractions  only,  not  as  sequential  extractions. 

Below  detection  limit  (bdl)  designations  lor  the  organically  bound  compartment  are  controlled  by  the 
difference  between  the  pyrophosphate  extraction  and  the  sum  of  the  exchangeable  and  Inorganically 
bound  fraction.  Since  the  result  la  then  corrected  tor  the  control-soil  contribution,  there  are  cases  where  the 
resulting  value  la  negative  We  presume  the  value  In  those  cases  to  bs  minor,  though  It  could  amount  to  a 
detection  limit  on  the  25-  and  100-pg/g  amended  soils  of  up  to  about  1.5  and  0.5  %,  respectively. 

®  Value  was  less  than  the  contiol  soil,  resulting  In  a  negative  value. 
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TABLE  3.28.  SOLUBILIZATION  OF  COMPONENTS  OF  BRASS-AMENDED  SOILS  BY  HOT- 
WATER  EXTRACTION  AND  COMPARISON  TO  DIRECT  PORE-WATER 
DISPLACEMENT:  METAL  ANALYSES 


Soil 

Amandmant 

laval 

Matal  Concentration  QigTg  oven  dry  aoll) 

Cu  Zn  A!  Pa  Mg 

Mn 

P  (total) 

Tim*  0,  at  tim*  of  Soil  Preparation: 

Burbank 

0,  dry 

0.21 

0.00 

1.46 

0.33 

7.75 

0.17 

12.6 

Burbank 

2600, dry 

8.91 

1.44 

1.45 

0.45 

6.28 

0.26 

9.1 

Burbank 

2500,  wal 

8.86 

0.62 

0.50 

0.47 

10.68 

0.12 

7.9 

Cinabar 

0,  drv 

0.17 

0.21 

8.04 

2.29 

44.38 

25.17 

12.1 

Clnabar 

2500,  dry 

64.03 

18.52 

6.35 

3.92 

49.59 

37.87 

11.7 

Cinabar 

2500,  wat 

27.41 

7.75 

15.66 

6.83 

46.49 

34.64 

12.4 

Palouaa 

0,  dry 

0.25 

0.00 

3.33 

2.08 

9.59 

2.01 

50.0 

Palouaa 

2500,  dry 

33.43 

9.11 

2.30 

1.63 

1 6.11 

3.79 

26.5 

Palouaa 

2500,  wat 

32.28 

8,74 

2.28 

1.57 

15.30 

4.04 

22.5 

Palouaa+OM 

0  ,d7 

0.22 

0.00 

3.15 

1.98 

10.30 

2.49 

51.2 

Palouaa+OM 

2500,  dry 

38.24 

9.87 

6.09 

4.15 

18.48 

4.53 

29.7 

Palouaa+OM 

2500,  wat 

37.35 

8.82 

3.49 

2.43 

17.07 

4.24 

25.0 

Waatharad,  at  100  daya: 

Burbank 

0 

0.14 

0.00 

1.83 

1.63 

7.61 

0.26 

12.5 

Burbank 

25 

0.85 

0.00 

1.19 

0.99 

11,81 

0.38 

12.9 

Burbank 

1O0 

1.99 

0.00 

0.88 

0.42 

11.76 

0.48 

11.7 

Burbank 

500 

5.37 

0.42 

0.00 

0.18 

12.86 

0.44 

10.5 

Burbank 

2500 

8.59 

0.84 

0.00 

0.26 

11.44 

0.16 

9.8 

Burbank 

2500 

9.47 

0.96 

0.60 

0.34 

12.00 

0.20 

9.2 

Cinabar 

0 

0.16 

0.00 

12.36 

5.27 

74.68 

82.79 

10.7 

Cl  nr  bar 

25 

0.38 

0.00 

12.32 

4.77 

52.90 

45.49 

11.4 

Cinabar 

100 

1.04 

0.00 

13.49 

4.84 

63.01 

52.17 

10.8 

Cinabar 

500 

4.48 

1.12 

12.93 

8.53 

68.76 

54.97 

10.8 

Cinabar 

2500 

27.01 

9.12 

12.83 

9.22 

58.59 

58.99 

11.5 

Cinabar 

2500 

27.47 

9.10 

14.00 

13.61 

58.55 

54.94 

11.8 

Palouaa 

0 

0.16 

0.00 

2.31 

1.29 

16.07 

4.62 

59.7 

Palouaa 

25 

0.54 

0.00 

6.35 

4.00 

14.35 

3.32 

53.9 

Palouaa 

100 

1.41 

0.00 

5.87 

3.66 

13.91 

3.74 

54.3 

Palouaa 

500 

6.24 

1.38 

5.84 

3.83 

14.72 

4.06 

52.2 

Palouaa 

2500 

37.46 

11.20 

5.05 

3.47 

19.17 

4.89 

34.1 

Palouaa 

2500 

40.66 

12.74 

5.39 

3.74 

22.13 

8.48 

36.2 

Palouaa+OM 

0 

0.24 

0.00 

6.82 

4.43 

16.32 

4.45 

56.3 

Palouaa+OM 

25 

0.68 

0.00 

6.66 

4.38 

14.79 

4.68 

54.2 

Palouaa+OM 

100 

1.51 

0.00 

6.13 

3.86 

14.18 

3.70 

50.2 

Palouaa+OM 

500 

5.80 

1.20 

5.48 

3.43 

12.28 

3.25 

48.2 

Palouaa+OM 

2500 

29.26 

8.50 

5.43 

3.71 

16.16 

3,79 

28.3 

Palouaa+OM 

2500 

34.94 

9.82 

5.44 

3.69 

18.33 

2.81 

32.1 

Pora  Water*: 

Burbank 

0 

0.002 

0.000 

0.00 

0.00 

3.43 

0.00 

0.1 

Burbank 

2500 

0.099 

0.021 

0.00 

0.00 

3.39 

0.00 

0.1 

Cinabar 

0 

0.003 

0.009 

0.22 

0.00 

52.81 

0.30 

O.i 

Cinabar 

2500 

0.246 

2.600 

0.06 

0.01 

17,91 

7.91 

0.1 

Palouao+OM 

0 

0.001 

0.000 

0.03 

0.00 

10.67 

0.02 

0.2 

Palouaa+OM 

2500 

0.271 

3.652 

0.02 

0.00 

10.74 

0.00 

0.1 
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TABLE  3.29.  SOLUBILIZATION  OF  COMPONENTS  OF  BRASS-AMENDED  SOILS  BY  HOT- 
WATER  EXTRACTION,  AND  COMPARISON  TO  DIRECT-PORE-WATER 
DISPLACEMENT  ANION  AND  ORGANIC  ANALYSES 


Concentration  (ng/g  oven  dry  aoll) 

Soil  Amendment  DOC  C  N02  NH4  N03  S04  Cl  P04  Oxalate 

level 


Ufli-Wni.EaMa 

Time  0,  at  time  of  Soil  Preparation: 


Burbank 

O.dry 

nd 

nd 

0.4 

0.0 

1,4 

9.37 

1.99 

34.50 

7.98 

Burbank 

2800,  dry 

nd 

nd 

0.2 

0.0 

1,4 

6.98 

0.80 

27.30 

10.56 

Burbank 

2500,  wet 

nd 

nd 

0.6 

0.0 

2.6 

10.58 

1.37 

18.42 

21.56 

Clnabar 

O.dry 

nd 

nd 

0.0 

0.0 

335.8 

75.41 

23.00 

19.00 

33.80 

Cinebar 

2500,  dry 

nd 

nd 

0.0 

0.0 

269.1 

92.13 

21.42 

16.18 

87.88 

Clnabar 

2500,  wet 

nd 

nd 

0.0 

0.0 

252.3 

79.56 

21.92 

24.36 

53.58 

Palouee 

O.dry 

nd 

nd 

1.0 

0.0 

175.6 

22.30 

1.39 

154.11 

4.18 

Palouee 

2500,  dry 

nd 

nd 

0.4 

0.0 

189.9 

37.26 

1.98 

75.91 

37.66 

Palouee 

2500,  wet 

nd 

nd 

0.4 

0.0 

175.1 

36,78 

1.77 

62.16 

36.00 

Palouse+OM 

O.dry 

nd 

nd 

0.9 

0.0 

148.2 

24.24 

6.31 

153.70 

6.50 

Palouae+OM 

2500,  dry 

nd 

nd 

0.6 

0.0 

147.3 

36.03 

6.77 

80.82 

55.94 

Palouae+OM 

2500,  wet 

nd 

nd 

0.4 

0.0 

143,0 

35,78 

7.59 

70.12 

45.35 

Weathered,  at  1 00  daye: 

Burbank  0 

255 

17.8 

0.5 

2.4 

74.8 

10.33 

2.44 

30.81 

8.00 

Burbank 

25 

302 

20.8 

2.5 

2.4 

22.2 

15.68 

4.21 

29.51 

10.03 

Burbank 

100 

307 

23.2 

0.5 

2.8 

16.8 

12.04 

3.95 

27.94 

10.89 

Burbank 

500 

278 

26.2 

2.2 

2.6 

99.9 

14.54 

3.68 

29.12 

16.11 

Burbank 

2500 

305 

46.9 

0.5 

4.8 

50.7 

12.72 

4.41 

22.08 

22.69 

Burbank 

2500 

283 

48.2 

0.5 

4.6 

51.4 

13.13 

3.96 

21.47 

23.26 

Clnabar 

0 

2759 

82.2 

0.9 

35.9 

825.8 

95.25 

34.08 

10.05 

41.34 

Cinebar 

25 

2714 

78.3 

1.1 

35.5 

392.8 

86.87 

29.63 

13.90 

37.42 

Cinebar 

100 

2658 

74.8 

1.0 

36.8 

614.3 

94.50 

29.01 

11.35 

37.48 

Clnabar 

500 

2551 

70.5 

0.8 

37.4 

748.7 

95.12 

33.15 

10.63 

39.16 

Clnabar 

2500 

2208 

93.8 

1.3 

40.7 

290.5 

93.31 

25.36 

9.81 

63.41 

Clnabar 

2500 

2860 

85.2 

1.0 

45.9 

256.6 

91.47 

30.13 

10.87 

70.48 

Palouee 

0 

1103 

13.6 

1.5 

11.2 

281.7 

38.20 

6.97 

149.96 

7.09 

Palouaa 

25 

834 

14.9 

1.7 

9.5 

208.8 

31.98 

5.51 

138.04 

5.86 

Palouee 

100 

741 

14.8 

3.0 

8.? 

186.8 

26.64 

5.33 

141.06 

6.41 

Palouee 

500 

812 

15.9 

1.2 

9.5 

185.3 

31.35 

5.94 

136.00 

10.38 

Palouee 

2500 

816 

36.1 

0.9 

13.5 

153.7 

39.25 

lnt.(a) 

91.97 

52.09 

Palouee 

2500 

863 

41.2 

0.9 

15.1 

192.4 

47.23 

Int.(a) 

95.29 

58.74 

Palouse+OM 

0 

869 

13.8 

1.9 

10.4 

264.9 

30.11 

11  89 

149.02 

7.54 

Palouae+OM 

25 

851 

15.7 

3.1 

10.1 

228.6 

28.26 

10.03 

141.10 

7.48 

Palouae+OM 

100 

734 

15.5 

1.4 

10.3 

312.8 

30.19 

12.66 

126.72 

8.81 

Palou3e+OM 

500 

773 

17,7 

1.0 

11.1 

192.3 

29.65 

11.65 

120.83 

10.92 

Palouse+OM 

2500 

693 

31.3 

0.9 

12.8 

273.3 

33.14 

14.90 

67.68 

40.33 

Palouse+OM 

2500 

802 

30.5 

0.8 

14.7 

223.4 

32.51 

15.00 

67.84 

42.78 

Eorc  Waters 

Burbank 

0 

4.2 

0.4 

0.0 

0.02 

77.0 

5.76 

1.24 

0.17 

0.00 

Burbank 

2500 

7.5 

6.5 

0.0 

0.09 

56.5 

5.49 

1.39 

0.04 

0.00 

Cinebar 

0 

9.5 

0.1 

0.0 

0.05 

931.0 

2.26 

14.75 

0.00 

0.00 

Cinebar 

2500 

11.7 

0.1 

0.0 

0.06 

346.1 

3.73 

5.27 

0.00 

0.00 

Palouee+OM 

0 

3.4 

0.0 

0.0 

0.02 

293.6 

5.08 

6.64 

0.18 

0.00 

Palouae+OM 

2500 

5.4 

0.1 

0.0 

0.05 

285.0 

7.90 

7.37 

0.00 

0.00 

&  Int:  Interference  with  the  analysis  of  Cl  by  ion  chromatograph. 
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hot-water  extract,  would  suggest  that  chemical  processes  may  be  prominent,  since  the  action 
ot  the  hot  water  extraction  should  have  effectively  eliminated  further  microbial  transformations. 
In  contrast,  nitrate  levels  in  the  displaced  pore  waters  correlate  well  with  those  from  the  hot 
water  extractions.  Sulfate  solubilization  is  Increased  roughly  by  a  factor  of  2,  25  to  40,  ana*  4  to 
6  for  Burbank,  Clnebar,  and  Palouse+OM,  respectively,  as  a  result  of  the  removal  of  most 
solubility  controls.  Chloride  levels  for  Clnebar  hot-water  extraction  are  about  2  to  6  times  those 
of  the  displaced  pore  waters.  Phosphate  solubility  Increased  dramatically  for  all  soils  under 
hot-water  extraction,  demonstrating  a  significant  pool  of  readily  available  nutrient.  At  100  days, 
phosphate  accounts  for  the  bulk  of  total  dissolved  P  (Table  3.28)  for  Burbank  (75  to  92%), 
Palouse  (84  to  90%),  and  Palouse+OM  (70  to  88%),  but  only  28  to  41%  for  Clnebar.  At  initial 
soil  amendment,  phosphate  accounted  for  44  to  66%  of  the  total  P  for  Clnebar,  and  over  90% 
for  the  other  soils.  Oxalate  solubility  Is  greatly  Increased  by  hot-water  extraction,  as  is  DOC  in 
general.  Oxalate  increases  with  Increasing  brass  amendment  for  all  soils;  oxalate  and  other 
organic  acids  would  tend  to  aid  In  metal  solubilization  through  complexation. 

Summary  of  Extraction  Results.  Because  the  initial  selective  extractions  were 
calculated  from  comparisons  to  Parr  bomb  digestions  of  soils,  which  differed  from  the  total 
recovery  by  the  extraction  series,  we  recalculated  the  Cu  and  Zn  distribution  based  on  total 
metal  via  extraction  recovery  for  the  exchangeable,  inorganically  and  organically  bound,  and 
residual  compartments,  so  that  these  values  could  be  more  easily  compared  and  averaged 
over  the  exposed  soils.  As  before,  the  compartments  resulting  from  the  selective  extraction 
techniques  are  referred  to  by  their  nominal  extraction  categories,  without  further  actual  proof 
that  the  categories  are  mutually  exclusive  or  unaffected  by  readsorption  reactions. 

Generally,  the  amount  of  both  Cu  and  Zn  in  the  residual  compartment  increased 
between  the  t  -  0  and  the  t  -  100  days  extractions  and  changed  little  to  440  days,  but  much  of 
this  increase  likely  was  due  to  the  Improved  analysis  of  the  residual  at  the  latter  sampling 
time.  At  the  highest  amendment  level,  inorganically  bound  Cu  decreased  and  organically 
bound  Increased  with  time;  for  Zn,  the  variation  in  results  overshadowed  any  trends. 

All  soils  showed  similarly  low  exchangeable  Cu,  while  exchangeable  Zn  was 
depressed  in  Burbank  and  increased  dramatically  in  the  other  soils,  The  inorganically  bound 
Cu  Is  predominant  for  Burbank,  but  less  important  for  the  other  soil,  particularly  at  lower 
amendment  levels;  Inorganically  bound  Zn  Is  predominant  for  Burbank  and  a  major 
compartment  for  Clnebar,  but  Is  of  less  Importance  for  Palouse.  Copper  in  the  organically 
bound  compartment  Is  Increasingly  important  with  decreasing  brass  concentration, 
particularly  for  Palouse;  Zn  shows  a  slight  similar  trend.  This  may  reflect  limited  organic 
ligands  In  the  soils.  Residual  Cu  is  greatest  for  Clnebar,  while  residual  Zn  Is  greatest  for 
Burbank  and  the  lower  amendments  of  Palouse. 
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FIGURE  3.7.  FLOW  CHART  FOR  THE  PROCESSING  OF  SAMPLES  FROM  THE  BRASS 
FLAKE  DIRECT  SOIL  AMENDMENT/WEATHERING  EXPERIMENT. 
VEGETATION  DATA  TO  BE  RECOVERED  AND  REPORTED  BELOW  ARE 
GIVEN  IN  BOLD  PRINT.  SAMPLING  DATES  INCLUDE  APPROXIMATELY  0, 
100,  300,  AND  450  DAYS  POST-AMENDMENT. 
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In  general,  these  data  show  that  exchangeable  Cu  and  Zn  Increase  with  Increasing 
brass  amendment,  though  the  Cu  component  remains  minor.  The  inorganically  bound 
compartment  shows  increasing  Cu  but  steady  Zn  with  Increasing  brass.  Organically  bound 
and  residual  compartments  show  decreasing  Cu  and  Zn  with  Increasing  brass  amendment. 

3.5.2  Toxldtv  and  Availability  of  Brass  Components  to  Plants 

Potential  effects  of  soil-deposited  brass  flake  on  vegetation  were  assessed  using  soil- 
amended  brass.  Soils  were  then  allowed  to  weather  over  an  extended  time  with  samples 
periodically  taken  and  tested  for  relative  phytotoxicity  to  different  plant  species.  Soil  treat¬ 
ments  Included  Burbank,  Clnebar,  Palouse,  and  Palouse  +  OM  (0.22%  w/w  dried  and  ground 
alfalfa).  Each  soil  type  was  amended  with  four  concentrations  of  the  brass  flake  (25, 100, 

500,  and  2500  ppm),  placed  into  400-g  pots,  and  maintained  in  the  greenhouse.  Eight  pots 
of  each  soli  type  and  concentration  were  selected  for  testing  at  approximately  0, 100, 300, 
and  450  days  post-amendment.  The  procedure  for  each  sample  period  Is  given  In  a  flow 
chart  In  Figure  3.7.  One  of  the  eight  pots  was  used  for  both  soil  microbiological  activity  and 
soil  chemistry,  while  another  was  divided  Into  six  soil  coupons  and  used  for  germination 
studies,  with  two  coupons  each  for  the  three  plant  species.  Bush  bean,  alfalfa,  and  tall 
fescue  were  seeded  with  either  15  (bush  bean)  or  20  (alfalfa  and  tall  fescue)  seeds. 
Germination  percentage  was  determined  2  weeks  after  seeding. 

The  remaining  six  pots  were  planted  with  either  bush  bean  or  tall  fescue  and  main¬ 
tained  In  the  growth  chamber  (27/20°C  day/night  temperatures  for  the  bean  and  25/16  for  the 
grass  at  400  pE/m2/s  PAR)  for  60  days  for  the  bean  and  120  days  for  the  grass  (two  harvests 
at  60  and  120  days).  At  these  times  the  plants  were  rated  for  phytotoxic  symptomatology, 
using  the  Modified  Daubenmlre  Rating  system  described  earlier,  and  harvested.  The  beans 
were  separated  Into  various  aboveground  plant  components  such  as  leaves,  stems,  pods, 
and  seed  (when  present),  dried  at  60°C  for  7  days,  and  weighed.  The  grass  was  similarly 
sampled  at  each  harvest.  Aliquots  from  all  tissues  were  subsequently  taken,  wet  digested, 
and  processed  for  ICAP  analysis. 

Effects  on  Seed  Germination.  Tables  3.30  and  3.31  give  the  average  percent 
germination,  at  0  time  and  450  days,  respectively,  for  bush  bean,  alfalfa,  and  tall  fescue  seeds 
planted  in  soil  coupons  of  the  four  soil  types  amended  to  the  various  brass  concentrations. 
Results  for  intermediate  times  are  not  provided.  TVvo  observations  may  be  made  from  these 
data.  First,  germination  apparent  by  was  not  inhibited  by  increasing  concentrations  of  brass 
in  any  soil  type.  This  was  true  for  soils  at  each  of  the  four  aging  intervals  including  the  last,  at 
450  days  post-amendment  (Table  3.31).  This  may  indicate  either  that  the  brass  had  not 
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sufficiently  weathered  to  promote  a  high  enough  soil  concentration  of  Zn  or  Cu  to  be  toxic  to 
germinating  seeds  or  that  the  seeds  themselves  are  not  affected  by  external  Cu  and  Zn 
levels. 


TABLE  3.30.  AVERAGE  PERCENT  GERMINATION  FOR  BUSH  BEANS,  ALFALFA.  AND  TALL 
FESCUE  SEEDED  IN  SOIL  COUPONS  AMENDED  WITH  BRASS  FLAKE  AT 
DIFFERENT  CONCENTRATIONS  (PLANTING  0  TIME).  SEEDING  RATE  PER 
COUPON:  BUSH  BEAN,  15;  ALFALFA  AND  TALL  FESCUE,  20.  PERCENTAGES 
WERE  RECORDED  AT  14  DAYS  AFTER  SEEDING  AND  ATI  5  DAYS 
POST-AMENDMENT. 


Soil 

Braaa-Flaka 

Concantratlon  (ng/g) 

Buah  Baan 

Alfalfa  Tall  Faaoua 

Burbank 


0 

100.010.0 

77.5110.0 

67.512.5 

28 

100.010.0 

92.517.5 

95.012.5 

100 

100.010.0 

80.0115.0 

75.010.0 

800 

100.010.0 

92.517.5 

60.015.0 

2500 

100.010.0 

80.017.5 

85.0110.0 

Clnabar 

0 

100.010.0 

90.010.0 

65.010.0 

28 

100.010.0 

72.517.5 

67.512.5 

100 

100.010.0 

96.015.0 

80.015.0 

500 

ioo!oio.o 

85.017.5 

70.010.0 

2500 

100.010.0 

80.017.5 

77.512.5 

Palouaa 

0 

50.011.3 

55.010.0 

62.517.5 

28 

40.010.0 

50.017.5 

70.015.0 

100 

46.710.0 

72.517.5 

60.015.0 

500 

70.0120.0 

75.010.0 

60.010.0 

2500 

93.310.0 

80.0110.0 

80.012.5 

Palouaa+OM^ 

0 

43.311 .3 

55.510.0 

56.0115.0 

25 

63.3135.0 

62.5110.0 

62.517.5 

100 

70,016.7 

65.016.0 

62.512.5 

500 

56.7133.3 

52.517.5 

67.517.5 

2500 

86.716.7 

85.010.0 

77.512.5 

Soil  with  0.22%  w/w  driad  ground  alfalfa. 
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TABLE  3.31.  AVERAGE  PERCENT  GERMINATION  FOR  BUSH  BEANS,  ALFALFA,  AND  TALL 
FESCUE  SEEDED  IN  SOIL  COUPONS  AMENDED  WITH  BRASS  FLAKE  AT 
DIFFERENT  CONCENTRATIONS  (PLANTING  C).  SEEDING  RATE  PER 
COUPON:  BUSH  BEAN,  15;  ALFALFA  AND  TALL  FESCUE,  20. 
PERCENTAGES  WERE  RECORDED  AT  14  DAYS  AFTER  SEEDING  AND  AT 
15  DAYS  POST-AMENDMENT. 


Soil 

Braae-Flaka 

Concentration  (ng/n) 

Such  Baan 

Alfalfa  Tall  Feacue 

Burbank 

0 

100.010,0 

00.015.0 

80.015.0 

25 

100,010,0 

80. 015. C 

67.517.5 

too 

100.010,0 

82.512.5 

85.010.0 

SOO 

100.010.0 

02.512.5 

72.517.5 

2500 

100.010.0 

00.010.0 

65.0110.0 

Clnabar 

0 

100.010.0 

00.015.0 

72.512.5 

25 

100.010.0 

02.512.5 

02.512.5 

100 

100.010.0 

00.015.0 

87.512.5 

500 

100.010.0 

77,517.5 

77.517.5 

2500 

100.010.0 

87.517.5 

87.517.5 

Palouaa 

0 

53.31217 

25.010.0 

55.512.5 

25 

60.0113.3 

40.015.0 

87.512.5 

100 

70.0126.7 

57.515.0 

57.517.5 

500 

100.010.0 

85.0110.0 

72.512.5 

2500 

86.7113.3 

77.517.5 

57.512.5 

Palouaa+OMf*) 

0 

80  010.0 

30.017.5 

40.015.0 

25 

63.3120.0 

52.5110.0 

70.015,0 

100 

80.0113.3 

35.015.0 

47.515.0 

500 

00.0113.3 

SO. 015.0 

87.512.5 

2500 

93.310.0 

82.512.5 

82.515.0 

W  Soil  with  0.22%  w/w  dried  ground  alfalfa. 


However,  (he  latter  possibility  is  not  completely  accurate,  because  there  was  a 
stimulation  In  the  germination  percentage,  particularly  in  the  palouse  bush  beans  and  tall 
fescue,  at  all  dates  In  the  Intermediate  concentrations  (25  to  500  ppm).  One  of  the  two 
principal  ions  associated  with  brass,  most  likely  Zn,  because  of  Its  role  as  a  cofactor  in  many 
respiratory  enzymes,  may  be  promoting  a  faster  ra.3  of  growth.  Alternatively,  the  Cu  and  Zn, 
particularly  for  the  Palouse  soils,  may  be  Inhibiting  soil  fungi,  which  otherwise  appeared  to 
damage  the  imbibed  seeds  in  these  soils,  thus  lowering  their  overall  germination  percentage. 
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Long-Term  Effects  of  Brass  Flake  soil  Amendment  on  Plant  Phvtotoxlclty.  The  visual 
damage  ratings  and  symptomatologies  tor  bush  bean  and  tall  fescue  plants  grown  tor  60  days 
In  brass-flake-amended  pots  following  different  Incubation  (weathering)  periods  are  given  In 
Tables  3.32  (100  days)  and  3,33  (410  days).  The  data  Indicate  that  up  to  soil  concentrations  of 
500  ppm  the  bush  bean  was  the  most  resistant  to  any  influences  from  the  brass  flake.  This 
observation  was  consistent  over  the  entire  450-day  weathering,  although  visible  phyotoxlcity 
may  have  increased  slightly  at  the  lower  concentrations  In  the  Burbank  soil  during  the  latter 
planting  periods,  as  shown  by  comparing  Table  3.32  results  with  those  in  Table  3.33. 

In  all  cases  and  in  all  soli  types,  significant  effects  were  evident  In  the  plants  grown  in 
2500-ppm  pots  at  all  times.  The  degree  of  phytotoxicity  was  somewhat  higher  at  the  longer 
Incubations,  with  Increasing  evidence  of  stunting  and  growth  deficiencies  along  with  general 
chlorosis  and  necrotic  spotting.  These  are  general  characteristics  of  both  Cu  and  Zn  toxlclties 
within  the  foliage.  It  was  also  evident  that  the  soli  type  was  instrumental  In  the  onset  and 
degree  of  Cu  and  Zn  phytotoxicity.  In  all  cases,  the  bush  beans  grown  In  the  Burbank  soil, 
which  has  the  lowest  CEC  and  therefore  the  greatest  potential  for  free  Cu  and  Zn  ions  to  be 
present  In  the  soil  solution,  exhibited  the  most  severe  symptoms. 

The  tall  fescue  appeared  to  be  slightly  more  sensitive  to  the  brass  over  time,  at  lower 
concentrations  (2500  ppm)  having  greater  damage  (Tables  3.32  and  3.33).  Again,  this  was 
particularly  true  for  the  Burbank-soll  plants  at  500  ppm,  and  again  may  be  attributed  to  the  soil 
characteristic.  At  the  higher  brass  concentrations  In  all  soil  types  there  appeared  to  be  a 
reduction  in  the  degree  of  tip  burn,  the  cause  of  which  may  have  been  relieved  by  the 
additional  Cu  or  Zn,  although  this  symptom  may  have  been  masked  by  the  increasing 
chlorosis  of  the  tissue  and  accompanying  reduction  in  rate  of  growth.  Phytotoxicity  at  the 
various  concentrations  did  not  appear  to  increase  significantly  with  weathering  time  In  any  of 
the  soil  types,  although  a  slight  Increase  for  the  tall  fescue  may  have  been  evident  for  the  final 
470-day  harvest. 
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TABLE  3.32.  PLANT  SYMPTOMATOLOGY  TO  BRASS  SOIL  AMENDMENT.  SYMPTO¬ 
MATOLOGY  DETERMINATIONS  MADE  60  DAYS  AFTER  PLANTING®  AND 


160  DAYS  AFTER  AMENDMENT  OF  BRASS  FLAKE  TO  THE  VARIOUS  SOILS 
AT  0,  25, 100, 500,  AND  2500  ppm 

Spaclaa/ 

_ Toxicity  Rtiponii® 

Soil 

Soil  Conoantratlon, 

Damaga  Indax 
(DR  Soala) 

Symptomatology 

Buah  Baan 

Burbank 

0 

1.0 

O&NGDH® 

28 

1.0 

O&NGDH 

100 

2.0 

O&NGDH 

800 

2.0 

NS,  Chi 

2800 

8.0 

NS,  Chi,  TB 

Clnabar 

0 

1.0 

O&NGDH 

28 

1.0 

NS,  Chl 

100 

1.3 

NS,  Chl 

800 

1.0 

NS,  Chl 

2800 

6.0 

NS,  Chl,  Dwarfad  Laavaa 

Palouaa 

0 

1.0 

O&NGDH 

28 

1.3 

NS.  Chl 

100 

1.0 

NS.  Chl 

800 

1.3 

NS,  Chl 

2800 

5.7 

NS,  Chl 

Palouaa  +  OM^  0 

1.0 

O&NQDH 

28 

1.0 

NS,  Chl 

100 

1.3 

NS,  Chl 

800 

1.0 

NS.  Chl 

2800 

6.0 

NS.  Chl 

Tall  Faaoua 

Burbank 

0 

3.0 

NS,  Chl,  TB  (7.0)(d> 

28 

3.0 

NS,  Chl,  TB  (8.0) 

100 

2.0 

NS.  Chl,  TB  (4.5) 

800 

6.0 

Chl,  TB  (3.0),  Stuntad 

2800 

6.0 

Chl,  TB  (alight),  Stuntad 

Clnabar 

0 

2.0 

NS.  Chi,  TB  (6.0) 

25 

2.0 

NS,  Chl,  TB  (6.0) 

100 

2.3 

NS,  Chl,  TB  (6.0) 

800 

2.7 

NS,  Chl,  TB  (8.0) 

2500 

6.0 

Ch,.  TB  (4.0),  Stuntad 
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TABLE -a.aa  (CONTD) 


Palousa  0 

2.3 

NS,  Chi,  TB  (8.0) 

29 

2.0 

NS,  Chi,  TB  (7.0) 

100 

2.7 

N8,  Chi,  TB  (7.0) 

500 

2.0 

NS,  Chi,  TB  (alight) 

2500 

6.0 

Chi,  Stunted 

Palouee+OM  0 

2,7 

NS,  Chi,  TB  (10.0) 

28 

1.3 

NS,  Chi,  TB  (9.0) 

100 

2.0 

NS,  Chi,  TB  (7.0) 

600 

4.0 

NS,  Chi,  TB  (alight) 

2500 

6.0 

NS,  Chi,  Stunted 

W  Daubenmlre  seal*  and  symptomatology  definitions. 
W  New  growth  developing  healthy. 

(°)  Soil  with  0.22%  w/w  dried  ground  alfalfa. 

<d)  Average  length.  In  om,  of  tip  burn. 
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IABLE  a, 33-  PUNT  symptomatology  to  brass  soil  amendment,  sympto¬ 
matology  DETERMINATIONS  MADE  60  DAYS  AFTER  PUNTING  « 
AND  470  DAYS  AFTER  AMENDMENT  OF  BRASS  FUKE  TO  THE 
VARIOUS  SOILS  AT  0,  25, 100,  500,  AND  2500  ppm. 

8p,ol,,/  - Toxleltv  HnMr..l»l _ 

Soil  Soil  Concentration  Damage  Index  Symptemology 

(MQ/g)  (DR  Scale) 


Bush  Bean 


Burbank 

0 

2.0 

Chi,  N8 

25 

2.0 

Chi,  N8 

100 

2.0 

Chi,  N8 

soo 

5.0 

Chi,  N8,  Dwarfed 

2500 

6.0 

Chi,  NS,  W,  Dwarfed 

Clnabar 

0 

1.0 

Chi,  NS 

25 

1.0 

Chi,  NS 

100 

1,0 

Chi,  NS 

800 

2.7 

Chi,  NS 

2300 

6.0 

NS,  Chi,  LC,  Dwarfed 

Palouaa 

0 

1.0 

Chi 

25 

1.3 

Chi 

100 

1.0 

Chi 

SOO 

1.3 

NS,  Chi 

2300 

6.0 

NS,  Chi,  Dwarfed 

Palouae  +  OMlb> 

0 

2.0 

Chi,  NS 

25 

2.0 

Chi,  NS 

100 

2.0 

Chi,  NS 

SOO 

1.3 

LC,  Chi 

2500 

6.0 

NS.  Chi.  Dwarfed 

Tall  Faaoua 

Burbank 

0 

1.0 

NS,  Chi 

25 

2.0 

NS, Chi 

100 

2.0 

NS,  Chi 

500 

6.0 

NS,  Chi,  Stunted!0) 

2500 

6.0 

NS,  Chi,  Stunted 

Clnabar 

0 

2.3 

NS,  Chl,TB(11.0)(°) 

25 

1.7 

NS,  Chi,  TB  (11.0) 

100 

2.3 

NS,  Chi,  TB  (16.0) 

500 

3.7 

NS,  Chi,  TB  (19.0) 

2500 

6.0 

Chi,  Stunted 
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TABLE  3.33  (CONTD) 


Spaclaa/ 

Soil 


_ Toxleltw  BaaponaaO) _ 

Soli  Concantratlon  Damaga  Indax  Symptomatology 

(pg/g)  (OR  Seala) 


Palouaa 

0 

2.3 

NS,  Chi,  TB  (6.0) 

28 

2.3 

NS,  Chi,  TB  (10.5) 

100 

2.7 

NS,  Chi,  TB  (6.0) 

soo 

3,7 

NS,  Chi,  TB  (4.0) 

2500 

6,0 

Chi,  Stunted 

Palouaa+OM 

0 

2.0 

NS,  Chi,  TB  (4.0) 

25 

2.3 

NS,  Chi,  TB  (8.0) 

100 

2.7 

NS,  Chi,  TB  (7.0) 

500 

3.3 

NS.  Chi,  TB  (5.0) 

2500 

6.0 

NS,  Chi,  Stuntad 

(*)  Daubanmlra  aoala  and  aymptomatology  definitions. 

Soil  with  0.22%  w/w  drlad  ground  alfalfa. 

(°)  Stunted  growth  for  both  ahoot  and  roota. 

(d)  Average  length,  In  cm,  of  tip  burn. 


LQnoJarm-Effflflta  of  Braaa  Flaks  Soil  Amendmant  Qn  Dry-Matter  Accumulation, In  Tall 
Fescue  and  Bush  Bean.  An  Interaction  of  brass  with  the  different  soil  types,  evident  In  the 
analysis  of  plant  dry-weight  data  after  60  days  of  growth  (first  harvest),  was  observed  over  the 
entire  weathering  In  both  the  bush  bean  (Table  3.34)  and  the  tall  fescue  (Table  3.35).  Since 
no  regrowth  effect  was  noted,  data  for  the  second  harvests  are  not  shown.  All  plants  showed 
significant  (R30.01)  reduction  in  growth  at  the  highest  concentrations  (2500  ppm),  and  plants 
did  not  exhibit  any  reproductive  growth  over  the  growing  period.  In  the  bush  beans  the 
largest  reduction  in  growth  (dry-matter  accumulation)  at  higher  brass  concentrations  was 
evident  In  those  plants  grown  In  the  Burbank  soil,  while  the  least  was  seen  In  the  plants 
grown  In  Clnebar  (Table  3.35).  No  change  In  dry-matter  production,  as  an  Indication  of  plant 
stress,  Is  apparent  when  the  1 00-day  pots  are  compared  with  the  450-day  pots. 
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TABLE  3.34.  AVERAGE  FINAL  DRY  WEIGHT  (fl)  OF  BUSH  BEANS  AND  SEGMENTS 
GROWN  IN  SOILS  AMENDED  WITH  BRASS  FLAKE  AT  DIFFERENT 
CONCENTRATIONS.  PLANTS  WERE  HARVESTED  AT  470  DAYS  AFTER 
SEEDING  AND  160  DAYS  POST-AMENDMENT. 


Bras*  Flake 

Concentration  Avenge  Plant  Segment  Dty  Wt  fat  *  SD  <n  ■  at 


Soil 

(M'fl) 

Laavea 

Stem 

Poda 

Seed* 

Total 

Burbank 

0 

1.7810.19 

1.4010.20 

1.4210.36 

0.1710.10 

4.7710.57 

28 

1.9810.08 

1.6410.17 

1.3810.10 

0.0710.02 

8.0410. 12<*> 

100 

1.9210.13 

1.8810.31 

1 .6810.09 

0.1110.02 

8.1810.49<") 

800 

0.4310.08 

0.8010.04 

0.0210.02 

0.0010.00 

0.98i0.09<b> 

2800 

0.8010.13 

0.3810.08 

0.0010.00 

0.0010.00 

0.8810.1 9(b) 

Clnebar 

0 

1.7810.89 

1.1410.60 

1.8610.31 

0.3610.13 

8.1411.73 

26 

1 .7710.88 

1.1710.28 

2.4110.22 

0.6610.08 

e.oiio.eaW 

100 

1.3710.32 

1.1810.21 

2.2610.17 

0.6210.28 

8.4010.95W 

800 

1 .3710.04 

1.0410.08 

1.7610.34 

0.6310.14 

4.7910.20W 

2800 

0.4710.06 

0.2710.01 

0.0010.00 

0.0010.00 

0.74i0.07<°> 

Palouae 

0 

2.0810.46 

1.4910.28 

1.9310.80 

0.3210.12 

8.8210.87 

28 

1.8210.13 

1.6010.00 

2.3610.80 

0.4810.18 

8.1 410.1 8<*,d> 

100 

1.7210.21 

1.4010.22 

1.9010.31 

0.4810.13 

B.8410.72W 

BOO 

0.9110.28 

0.8110.19 

1.1110.40 

0.4810.29 

3.2811.11  W 

2800 

0.2310.14 

0.1410.08 

0.0010  00 

0.0010.00 

0.3810.22<C> 

Palouae+OM(a)  0 

1.3810.86 

1.1710.81 

1 ,7410.42 

0.2910.12 

4.7811.21 

28 

0.7410.16 

0.6810.09 

1.1210.01 

0.1710.03 

2.88±0.24(,> 

100 

1.1910.09 

0.8610.04 

1.8110.11 

0.3410.04 

3.6910.02W 

800 

1.0610.38 

0.9010.37 

1 .4910.87 

0.3010.10 

3.7811 ,40(*> 

2800 

0.2010.08 

0.1410.02 

0.0010.00 

0.0010.00 

0,3810.10(e> 

W  Not  Significant. 

Significant  at  0.01  oonfldanoa  level  ueing  a  one-tailed  t-teat. 
^  Significant  at  0.08  oonfldanoa  level  ueing  a  one-tailed  t-teat. 
W  Average  of  two  pota;  third  plant  died. 

(')  Soil  with  0.22%  w/w  dried  ground  alfalfa. 
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TABLE  3.35.  AVERAGE  FINAL  DRY  WEIGHT  (g)  OF  TALL  FESCUE  GROWN  IN  SOILS 
AMENDED  WITH  BRASS  FLAKE  AT  DIFFERENT  CONCENTRATIONS. 
PUNTS  WERE  HARVESTED  AT  60  DAYS  AFTER  SEEDING  AND  470 
DAYS  POST-AMENDMENT. 


Soil 

Brass  Flake 
Concentration 

Wo) 

Average  Dry-Matter  Production 
(dry  weight,  g)  tSD(n-3) 

First  Harvest 

Burbank 

0 

3,30*0.61 

25 

3.29±0.06<°> 

100 

3.30*1. 10<°> 

500 

0.11±0.02(*) 

2500 

0.05*0.01  <•) 

Clnebar 

0 

3.0710.39 

25 

3,86*1.35(0) 

100 

3.23*0.29<o) 

500 

2.58±1.23(0) 

2500 

0. 05*0.02(0) 

Palousa 

0 

2.01*0.30 

25 

2.27*0.09(0) 

100 

1.29*0.38(0) 

500 

0.42*0.29(0) 

2500 

0.02*0.00(0) 

Palouse+OM(b> 

0 

2.95*0.37 

25 

1.61*1.03(0) 

100 

1.50±0.3S(d> 

500 

0.73±0.32<d) 

2500 

0.02*0.01(0) 

(*)  No  growth. 

(b)  Soli  with  0.22%  w/w  dtiad  ground  alfalfa. 

(®)  Not  algnlflcant. 

(d)  Significant  at  0.09  confldanoa  laval  uaing  a  ona-tallad  t-taet. 
Significant  at  0.01  oonfldanoa  laval  uaing  a  ona-tallad  t-taat. 
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The  relationship  between  the  CEC  for  the  two  soils,  Burbank  having  the  lowest 
(6.0  meq/100  g)  and  Clnebar  the  highest  (38.2  meq/100  g),  may  again  be  an  Important 
factors  In  the  results.  The  lower  fertility  of  the  Burbank  may  have  contributed  to  the  apparent 
toxicity  by  permitting  a  higher  concentration  of  the  Cu  and  Zn  In  the  root  zone.  The  overall 
dry-matter  accumulation  by  the  plants  also  corresponds  to  the  soil  CEC,  with  Clnebar  > 
Palouse+OM  2  Palouse  >  Burbank. 

Similar  soil-type-related  effects  were  observed  for  dry-matter  production  in  the  tail 
fescue  (Table  3.35),  with  Clnebar  >  Palouse+OM  2  Palouse  >  Burbank,  particularly  in  the  first 
harvest,  at  60  days  after  seeding.  Severe  growth  reductions  were  seen  at  soil  brass 
concentrations  of  500  pg/g  and  greater.  By  the  second  harvest  (120  days,  data  not  shown), 
the  differences  ware  not  as  evident  at  the  lower  concentration  but  apparently  were  greater  at 
the  higher  concentration  (2500  ppm).  The  plants  grown  in  the  other  soils  at  the  time  of  the 
second  harvest  were  better  established  and  more  mature,  and  may  therefore  have  been 
either  slightly  less  sensitive  to  the  Zn  and  Cu  In  the  soil,  or  may  have  already  reduced  the 
previously  available  free  amounts  of  the  Ions  In  the  pots  to  more  acceptable  levels. 

Long-Term  Effects  of  Brass  Flake  Soil  Amendment  on  Ionia  Composition  In  Tall  Fescue 
and  Bush  Bean.  After  440  days  of  soil  weathering,  the  ionic  composition  of  tall  fescue 
planted  in  brass-amended  soil  (Table  3.36)  varied  only  slightly  from  that  of  the  first  planting  at 
150  days  (data  not  shown).  In  the  third  planting  the  order  of  highest  tissue  accumulation  for 
both  Cu  and  Zn  was  Clnebar  <  Burbank  <  Palouse  -  Palouse+OM).  Concentrations  of  Cu 
and  Zn  In  Individual  plant  tissues  Increased  with  Increasing  soli  brass  concentration.  Tissue 
concentrations  of  Cu  Increased  from  10  pg/g  in  the  controls  to  as  much  as  500  pg/g  In 
Palouse-amended  soil.  Levels  of  tissue  Zn  increased  from  50  pg/g  in  control  soils  to  a  high  of 
6000  pg/g  in  Palouse-amended  soil.  It  Is  clear  from  the  data  that  the  brass  flake  Is 
weathering  and  providing  Increased  levels  of  plant-available  Cu  and  Zn;  however,  It  is  also 
clear  that  soil-sorption  processes  are  mediating  the  available  Ions. 

Significant  variations  in  the  tissue  concentration  of  other  nutrient  Ions  were  observed 
when  plants  were  grown  In  the  presence  of  brass  (Table  3.37).  Analysis  of  tissues  by  ICAP 
clearly  showed  that  tissue  levels  of  Mg,  Mn,  P,  and  Fe  are  altered  by  the  presence  of  brass. 
Tissue  concentrations  of  Mg  and  Mn  increase  by  a  factor  of  2  to  3  and  levels  of  Fe  by  a  factor 
of  7  to  100,  while  total  P  levels  decrease  2  to  3.  This  disruption  In  ion  homeostasis  could 
account  for  the  observed  phytotoxicity.  The  disruption  likely  results  from  the  Imbalance  of  Cu 
and/or  Zn  caused  by  brass  weathering. 
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No  significant  differences  In  specific-tissue  concentrations  of  Cu  and  Zn  between  bush 
beans  grown  in  soil  weathered  1 00  days  (data  not  shown)  or  400  days  were  apparent  (Table 
3.38).  Total  plant-uptake  patterns  for  Zn  were  Burbank  <  Clnebars  Palouse  -  Palouse+OM  at 
the  highest  concentrations  (2500  ppm),  while  for  Cu,  tissue  accumulation  patterns  were 
Clnebar  s  Palouse  -  Palouse+OM  s  Burbank,  which  was  different  from  that  seen  In  the  tall 
fescue  (e.g.,  Table  3.36).  Concentration  of  Zn  and  Cu  in  Individual  plant  tissues  increased 
with  Increasing  soil  brass  concentration.  These  Increases  were  more  pronounced  for  Zn  than 
for  Cu.  The  highest  tissue  levels  were  seen  In  stem  tissue,  followed  by  leaves.  Pod  and  seed 
concentrations  of  Zn  and  Cu  were  relatively  constant  at  soil  brass  concentrations  of  100  pg/g; 
however,  little  reproductive  growth  was  seen  in  the  500  to  2500  pg/g  treatments.  In  bush 
bean,  there  did  not  seem  to  be  the  significant  interaction  of  Zn  and/or  Cu  with  other  nutrient 
tons,  as  was  observed  with  the  grass  (Table  3.37).  The  levels  of  Fe,  Mg,  Mn,  and  p  in  the 
leaves  and  stems  of  the  beans  did  not  vary  significantly  over  the  exposure  concentrations, 
perhaps  reflecting  differences  in  monocot  (grass)  and  dlcot  (bean)  growth  patterns  or  nutrient 
harvesting. 
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TABLE  3.36.  AVERAGE  TISSUE  CONCENTRATIONS  OF  Cu  AND  Zn  IN  TALL  FESCUE 
GROWN  IN  SOILS  AMENDED  WITH  BRASS  FLAKE  AT  DIFFERENT 
CONCENTRATIONS.  PLANTS  WERE  HARVESTED  AT  60  DAYS  AFTER 
SEEDING  AND  470  DAYS  POST-AMENDMENT. 


Brut  Flaks 

Conoantratlon  Avaraga  Taaua  Conoantratlon  fun/g  dry  wt)  1  9D  fn  ■  31 

Soil  (1*^9)  Cu  Zn 


Burbank  0 

11.7610.72 

59.9311.84 

25 

14.0814.31 

77.72115.41 

100 

29. 2313.43 

153.92122.59 

500 

268.6818.39 

1212.401102.91 

25C0 

261.36182.37 

1864.131211.14 

Cinabar  0 

6.7811.61 

56.84114.91 

25 

8.3512.49 

55.77117.71 

100 

12.0811 .07 

75.9114.87 

500 

28.4814.53 

257.13126.72 

2500 

34.1112.58 

886.491189.90 

Palousa  0 

9.2610.58 

47.8115.39 

25 

10.9110.88 

46.521B.43 

100 

16.0413.94 

81.75120.81 

500 

38.8418.69 

531.681122.33 

2500 

537.941209.19 

5828.4511123.82 

Palousa+OMt*)  0 

7.8610.18 

38.6210.68 

25 

11.3613.16 

53.18114.44 

100 

19.5111.39 

92.08111.69 

500 

45.51118.30 

551.12159.12 

2500 

337.131285.77 

5974.9714694.80 

Soil  with  0.22%  w/w  drlad  ground  alfalfa. 
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TABLE  3.37.  AVERAGE  TISSUE  CONCENTRATION  OF  Mg,  Mn,  P,  AND  Fe  IN  TALL  FESCUE 
-  GROWN  IN  SOILS  AMENDED  WITH  BRASS  FLAKE  AT  DIFFERENT 

CONCENTRATIONS  AS  DETERMINED  THROUGH  ICAP  ANALYSIS.  PLANTS 
WERE  HARVESTED  AT  60  DAYS  AFTER  SEEDING  AND  470  DAYS  POST¬ 
AMENDMENT. 


Soil 

Brass  Fisk# 

Conosntrstlon 

(Ffl/fl) 

Bsmsnt  ConeanfraHon  tuata  e*v  wh _ . 

Mg 

Mn 

P 

Fa 

Burbank 

0 

2323.93*268.08 

93.09*24.84 

4739.41*168.68 

6.31*1.11 

2500W 

7092. 05i1 08,61 

138.54*14.80 

1350.82*775.71 

95.12*19.52 

Cinsbar 

0 

2310.95*455,64 

168.04*18.77 

2130.58*234.64 

1,45*0.36 

2500 

5447.14*530.70 

636.04*148.68 

1543.56*384.39 

138.96*97.31 

Palouaa 

0 

2360.73*360.28 

108.06*3.78 

4141.59*653.11 

6.78*3.28 

2500 

9032.77*520.24 

183.98*50.41 

2626.86*500.82 

58.36*35.49 

Palouaa+OM^)  0 

2307.96*367.60 

137.53*18.68 

3931.73*172.57 

7.30*1.84 

2500 

10561.48*1598.07 

234.87*60.94 

1835.86*797.10 

49.85*22.26 

W  Avarsga  of  two  pots,  third  plant  dlad. 

Soli  with  0.22%  w/w  drlad  ground  alfalfa. 
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TABLE  3.38.  AVERAGE  TISSUE  CONCENTRATIONS  OF  Cu  AND  Zn  IN  BUSH  BEANS 
GROWN  IN  SOILS  AMENDED  WITH  BRASS  FLAKE  AT  DIFFERENT 
CONCENTRATIONS  AS  DETERMINED  THROUGH  ICAP  ANALYSIS. 
PLANTS  WERE  HARVESTED  AT  60  DAYS  AFTER  SEEDING  AND  470 
DAYS  POST-AMENDMENT. 


Soli 

Brass  Fla 
Concsntri 

(Ffl/fl) 

k* 

illon _ Average  Tlaaua  Concantratlon  fun /o  drv  wtl  *  SD  in  -  31 _ 

Leaves 

Stem 

Pods 

Seeds 

Burbank 

0 

4.1  110.39 

4.0210.24 

6.9712.11 

7.0114.96 

100 

10.99t3.17 

12.6010.77 

9.9711.78 

14.6012.18 

800 

19.1912. 89 

19.3513.73 

20.5219.63 

- 

2800 

47.32129.84 

42.84125.84 

* 

• 

Clnebar 

0 

4.6412.04 

6.5116.10 

3.6710.41 

6.9711.09 

100 

4.4411.03 

6.2012.03 

4.0110.06 

6.2210.12 

600 

7.8810.43 

8.8512.00 

8.3610.26 

3.1010.53 

2800 

12.9411.74 

33.8416.40 

• 

• 

Palouie 

0 

2.2110.83 

4.1610.23 

4.5110.77 

6.5814.03 

100 

3.8610.87 

6.4210.56 

4.8910.59 

8.7511.92 

600 

16.9811.89 

17.3014.88 

8.8911.79 

11.1313.24 

2500 

23.9119.59 

102.26140.36 

• 

• 

Palouta 

0 

3.2110.68 

4.0710.38 

5.1011.13 

6.9411.80 

+OM'"' 

100 

4.3610.78 

6.0510.86 

4.4910.33 

6.5713.78 

600 

11.7411.74 

15.7916.28 

8.0312.18 

12.5418.43 

2600 

16.8618.05 

31.70111.61 

“ 

• 

Burbank 

0 

54,1012.62 

25.7211.42 

26.46110.38 

57.27140.1 4 

100 

58.42114.82 

62.8012.19 

31.0610.27 

104.3819.75 

800 

176.84114.87 

198,69138.34 

115.36122.68 

. 

2600 

209.34141.08 

231.20149.36 

• 

- 

Clnebar 

0 

36.8418.20 

37.1719.98 

20.5811.24 

59.9517.26 

100 

46.3311  1.28 

45.2018.27 

20.3712.06 

52. 4915.93 

500 

180.2818.68 

17:  13129,61 

27.6311.60 

61.8413.14 

2500 

301.45166.47 

8u2.;’4ti  29.36 

* 

- 

Palouaa 

0 

31.42110.14 

37.1915.91 

20.3213.36 

84.39126.64 

100 

43.6812.44 

66.1517.28 

20.3511.83 

77.80116.46 

500 

232.00136.63 

254.18134.19 

37.1214.98 

87.4610.55 

2300 

861.421269.66 

4139.5011990.50 

- 

• 

Palouse 

0 

41.9115.18 

34.0118.71 

22.8410.86 

71.67117,20 

tOM(b> 

100 

49.0613.76 

61.2817.78 

21.2911.06 

49.64120.88 

800 

239.46156.25 

261.791108.8 

38.46116.47 

77.43112.28 

2500 

678.711404.96 

2429.0811  115.33 

• 

Average  of  two  pots;  third  plant  diad. 

:'J'1  Soil  with  0.22%  w/w  dried  ground  alfalfa. 
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Soil  dehydrogenase  activity,  a  measure  of  the  general  activity  of  the  soil  microbial 
population,  Is  an  index  of  endogenous  soil  microbial  activity  (Moore  and  Russell,  1972). 
Dehydrogenase  enzymes  are  intracellular  and  are  Involved  in  microbial  respiratory  processes 
necessary  for  the  breakdown  of  organic  compounds  in  soil.  Soil  microbial  activity  can  alter 
nutrient  cycling,  Influence  plant  growth,  and  affect  the  ability  of  a  soil  to  decompose  organic 
matter  and  detoxify  xenobiotlcs. 

Pot  Amendments.  Soil  dehydrogenase  activities  were  severely  impacted  by  brass  flake 
(Figure  3.8).  Five  days  after  brass  flake  had  been  amended  at  25  pg/g,  the  lowest  amendment 
level,  soil  dehydrogenase  activity  declined  to  35  to  75%  of  the  control  in  the  four  soils. 

Inhibition  of  soil  dehydrogenase  activity  increased  with  Increasing  brass-flake  concentrations. 
At  2,500  pg/g,  the  highest  amendment  level,  soil  dehydrogenase  activity  was  extremely  low,  1 
to  4%  of  the  control  for  all  soils.  Burbank  soil  amended  with  brass  at  100  to  2500  pg/g 
remained  Inhibited  (19  to  25%)  420  days  later,  while  this  soil  amended  with  25  pg/g  was  able 
to  recover  to  70%  of  control  level.  In  Palouse  soil,  with  or  without  the  organic  matter  addition, 
500  and  2500  pg/g  brass  amendment  reduced  dehydrogenase  activity  to  0  to  4%,  while  the 
other  two  lower  concentrations  (25  and  100  pg/g)  exerted  less  inhibition,  56  to  67%.  Soil 
dehydrogenase  activity  in  Clnebar  soil  with  25,100,  or  500  pg/g  brass  amendment  was  able  to 
recover  to  65  to  71%  of  the  control  after  420  days,  but  soil  dehydrogenase  activity  remained 
severely  depressed  at  2500  pg/g.  All  values  noted  for  dehydrogenase  activity  were 
significantly  different  from  controls  based  on  t-test  ( p  s  0.05). 

We  calculated  the  ecological  dose  (Babich  et  al.  1963)  of  brass  flake  causing  50% 
Inhibition  (EcDS0)  of  soil  dehydrogenase  activity  at  the  various  days  of  Incubation.  This 
calculation  was  based  on  the  equations  of  best  fit  obtained  from  the  dose-response  curve,  as 
illustrated  In  Figure  3.9.  The  EcDS0  for  soli  dehydrogenase  activity  at  all  assay  times  are 
presented  In  Figure  3.10  and  Table  3.39.  The  low  EcD50  value  for  dehydrogenase  activity  in 
Burbank  soil  Indicates  that  this  soil  is  very  susceptible  to  brass  flake  exposure  and  has  limited 
recover/.  In  contrast,  Clnebar  soil,  although  it  was  initially  Impacted,  was  capable  of 
recovering  with  a  much  higher  EcD^q  value.  Palouse  soil,  with  or  with  organic  matter,  had  an 
Intermediate  EcDS0  value,  and  the  soil  recovered  over  time,  but  to  a  lesser  extent  than  Clnebar 
soil.  The  Impact  of  brass  flake  on  dehydrogenase  activity  for  the  soils  is  Burbank  > 
Palouse+OM  z  Palouse  >  Cinebar  based  on  their  420-day  EcD50  values  of  24, 113, 189,  and 
1082  pg/g,  respectively. 
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FIGURE  3.8.  THE  EFFECT  OF  BRASS-FLAKE  CONCENTRATION  ON  SOIL 
DEHYDROGENASE  ACTIVITY 
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FIGURE  3.9.  AN  EXAMPLE  CALCULATION  OF  THE  ECOLOGICAL  DOSE  OF  BRASS 
FLAKE  CAUSING  50%  INHIBITION  (EcD50)  OF  MICROBIAL  ACTIVITY 


The  Inhibition  of  soil  microbial  activity  likely  is  due  to  the  soluble  Cu  and  Zn  In  the  brass. 
The  lower  CEC  of  the  Burbank  might  explain  the  higher  Inhibition  of  dehydrogenase  activity  in 
this  soil. 

Aerosol  Deposition  to  Soils,  Exposure  to  the  mixed  smoke  of  brass  flake/fog  oil 
(BR/FO)  at  4.5  m/s  initially  reduced  the  dehydrogenase  activity  in  all  of  the  four  soils  to  3  to  8% 
of  control  level,  and  activity  remu..ied  reduced  28  days  later  (Figure  3.1 1  and  Table  3.40). 
Twenty-eight  days  after  the  exposure  BR/FO  exposed  to  soils  at  the  lower  wind  speed  (0.9 
m/s)  caused  a  more  severe  impact  to  Burbank  soil  (6%)  than  to  the  other  three  soils  (44  to 
53%).  All  values  noted  for  dehydrogenase  activity  were  significantly  different  from  controls 
based  on  t-test  (p  <  0.05). 
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TABLE  3.39.  BRASS  EcD50  VALUES  FOR  MICROBIAL  PARAMETERS 


EoOSO  (pg  braaa/g  dry  aoil)(*) 


Microbial  Poat-Expoaura  Burbank  Clnabar  Palouaa  Palouaa+OM 

Paramatar  Tima  (daya) 


Soil 

5 

10 

(0.96) 

59 

(0,97) 

68 

(0.95) 

45 

(1.00) 

Dahydroganaaa 

28 

26 

(0.87) 

187 

(0.00) 

38 

(0.83) 

38 

(0.99) 

Activity 

150 

5 

(0.67) 

434 

(0.08) 

50 

(0.92) 

61 

(0.92) 

270 

16 

(0.01) 

539 

(1.00) 

90 

(0.93) 

393 

(1.00) 

420 

24 

(0.63) 

1082 

(1.00) 

189 

(0.96) 

113 

(1.00) 

Soli 

4 

662 

(0.97) 

2106 

(1.00) 

673 

(0.97) 

1610 

(0.99) 

Phoaphataaa 

28 

106 

(0.98) 

2103 

(0.90) 

1275 

(1.00) 

1947 

(0.98) 

Activity 

150 

485 

(0.73) 

1729 

(0.98) 

1715 

(0.98) 

1024 

(1.00) 

270 

53 

(0.99) 

2046 

(0.98) 

1901 

(0.94) 

1627 

(0.99) 

420 

120 

(0.92) 

2093 

(0.08) 

1284 

(1.00) 

1233 

(0.98) 

Soil 

7 

375 

(0.81) 

1468 

(1,00) 

3166 

(1.00) 

2442 

(1.00) 

ATP  -  Blomaaa 

28 

125 

(0.96) 

2007 

(1.00) 

1948 

(0.93) 

3048 

(0.87) 

Laval 

150 

500 

(0.81) 

5204 

(0.96) 

1087 

(0.95) 

1865 

(0.98) 

270 

304 

(0.91) 

2474 

(1.00) 

568 

(0.99) 

1515 

(0.99) 

420 

304 

(0.90) 

2515 

(0.90) 

1451 

(0.97) 

1335 

(0.97) 

(a)  EcD8q,  tha  acological  concantratlon  of  braaa  flaka  eaualng  50%  Inhibition  of  microbial  paramatar,  waa 
oalculatad  from  tha  ourva  that  baat  fit  tha  data.  Numbara  In  paranthaala  danotaa  r2,  tha  ooafflclant  of 


datarmlnatlon  for  tha  baat  fit  curva  uaad  In  tha  EoD50  calculation. 


The  concentration  of  brass  in  the  BR/FO  mixed-smoke  exposure  was  estimated  to  be 
800  and  4,000  pg/g  for  the  0.9  m/s  and  the  4.5  m/s  exposures,  respectively,  based  on  the  soil- 
coupon  and  filter-membrane  deposition  data.  The  anticipated  effect  at  800  pg/g  brass 
concentration,  which  can  be  calculated  from  the  equation  of  best  fit  for  the  dose-response 
curves  for  soil  dehydrogenase  activity  (Table  3.41),  is  presented  In  Table  3.42.  These  results 
Indicate  that  the  Impact  of  BR/FO  exposure  on  soil  dehydrogenase  activity  Is  less  than  that 
from  brass  alone,  suggesting  a  beneficial  synergistic  effect  of  fog  oil  in  the  BR/FO  mixed- 
smoke  exposure.  Fog-oil  exposure  has  been  shown  to  stimulate  soil  dehydrogenase  activity 
(Cataldo  et  al.  1989).  This  stimulation  may  offset  the  detrimental  effect  of  the  brass.  We  do 
not  know  how  long  this  beneficial  synergism  would  last,  because  our  incubations  stopped  at 
28  days. 
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FIGURE  3.11.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
DEHYDROGENASE  ACTIVITY 
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TABLE  3.4Q.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
DEHYDROGENASE  ACTIVITY 


Expoaura  Poat-Expoaura 
Condition  Tima  (daya) 

Dahydroganaaa  Activity  (%  of  Control)^ 

Burbank 

Clnebar 

Ralouaa 

Palouaa+OM 

unaxpoaadO 

100.00  (27.19) 

100.00  (3.01) 

100.00(6.03) 

100.00(8.68) 

0.9  m/a  BR/FO 

0 

10.81  (2.55)*  W 

30,22  (4.26)* 

82.47  (6.74)* 

62.21  (4.10)* 

4.5  m/a  BR/FO 

0 

4.92(1.13)* 

3.02  (0.39)* 

6.18(0.79)* 

7,55  (0.73)* 

unaxpoaad 

28 

100.00  (4.72) 

100.00(18.38) 

100.00  (23.46) 

100.00(3.61) 

0.9  m/a  BR/FO 

28 

6.28  (0.56)* 

47.68(7.21)* 

44.32  (7.93)* 

52.72  (6.23)' 

4.5  m/a  BR/FO 

28 

4.15(1.05)* 

7.01  (1.32)* 

4.81  (1.21)* 

8.16(0.22) 

Mean  (standard  deviation),  n  ■  3. 

'Danotaa  significant  difference  from  control  baaad  on  Hast,  p  i  0.05. 


3.6.2  Soil  Phosphatase  Activity 

Soil  phosphatases,  which  can  exist  axtracellularly,  are  a  broad  group  of  enzymes  that 
cleave  both  esters  and  anhydrides  of  phosphates  from  complex  organophosphorus 
compounds.  Their  activities  In  soil  are  Important  for  the  mineralization  of  phosphorus  from  soil 
organic  matter  to  the  chemical  forms  available  to  plants  (Ramlrez-Martlnez  1968).  The 
enzymes  are  classified  as  either  acid  or  alkaline  phosphatases  because  they  show  their 
optimal  activities  In  acid  and  alkaline  ranges,  respectively.  The  acid  phosphatase  was  chosen 
for  this  study  because  the  pH  of  soils  used  for  brass  exposure  ranged  from  5.4  to  7.4. 

Soil  Amendment.  The  effect  of  brass  on  soil  phosphatase  activity  depended  on  brass 
concentration  and  soil  type  (Figure  3.12  and  Table  3.43).  In  Burbank  soil,  a  brass 
concentration  of  25  pg/g  did  not  affect  soil  dehydrogenase  activity  initially  (4  days  Incubation), 
but  with  prolonged  Incubation,  concentrations  of  25  to  2500  pg/g  all  Inhibited  the  activities  from 
17  to  70%  of  control.  Activity  was  affected  at  all  brass  levels,  with  Inhibition  increasing  as 
brass  concentrations  Increased.  In  the  other  three  soils,  brass  concentrations  below  500  pg/g 
did  not  Inhibit  soil  phosphatase  activity.  In  fact,  activity  was  slightly  enhanced  by  25  to  ioo 
pg/g  brass  amendment  in  the  Clnebar  and  Palouse  soil.  However,  at  2500  pg/g,  activity  in  the 
three  soils  was  reduced  to  less  than  45%  of  the  control,  and  It  remained  Inhibited  420  days 
later.  The  EcDS0  at  various  Incubation  times,  calculated  according  to  the  best-fit  curves  (Table 
3.44),  are  presented  In  Figure  3.13  and  Table  3.39.  At  4  days,  EcD50  was  662, 2106, 673, 


3.74 


TABLE  3.41 .  EQUATION  FOR  THE  BEST  FIT  FROM  THE  DOSE-RESPONSE  CURVE 
FOR  SOIL  DEHYDROGENASE  ACTIVITY  AS  AFFECTED  BY 
BRASS<*)<bNc) 


Incubation  Time  5  days 

Burbank 

Y- (232.36)*  XM3.68214 

r2  -  0.955 

Clnebur 

Y  -  (740.03)  *  XA-0.66123 

r2-  0.989 

Palouse 

Y- (1309.5)  *XA-0.77410 

r2  -  0.946 

Palouse  +  OM 

Y- (591.50)  *XA-0.64782 

r2-  0.995 

Incubation  Tima  28  daya 

Burbank 

Y  ■  (1.2719E+7)  *  XA-3.8236 

r2  -  0.873 

Clnebar 

Y  -  (170.86)  *  10A(-2.8613E-3  *  X) 

r2- 0.992 

Palouse 

Y  ■  1.6097E+8*  XA*4.1289 

r2  -  0.825 

Palouse  +  OM 

Y  -  63.649  *  10A(-2.7475E-3  *  X) 

r2  -  0.994 

incubation  lima  ,15Q  days 

Burbank 

Y  •  98.779  *  XA-0.43241 

r2  -  0.669 

Clnebar 

Y  ■  83.385  *  1 0A(-5. 1 1 58E-4  *  X) 

r2  -  0.982 

Palouse 

Y  «  622.79  *  XMJ.64314 

r2  -  0.924 

Palouse  +  OM 

Y  -  2092.2  *  XA-0. 90943 

r2- 0.923. 

Incubation  Tima,  2ZQ  days 

Burbank 

Y- 310.50  *XA-0.6521 8 

r2  -  0.905 

Clnebar 

Y  .  80.935  *  10A(-3.8791E-4*X) 

r2  -  0.995 

Palouse 

Y  .  1668.0  *  XA-0. 77952 

r2  -  0.934 

Palouse  +  OM 

Y  -  83.942  *  10A(-5.7282E-4  *  X) 

r2  -  0.995 

Incubation  Tima  42Q  daya 

Burbank 

Y-  105.87  *XA-0.235 15 

r2  -  0.628 

Clnebar 

Y-  73.487-  2.1 708E-2  *  X 

r2  -  0.996 

Palouse 

Y -80.9- 0.16312  *X 

r2  -  0.962 

Palouse  +  OM 

Y-  120.95  *  10A(-3.383E-3*X) 

r2  - 1 .000 

I*)  Do»s-r#»pon»s  curve  constructed  from  data  In  Tabla  1.1. 

(b)  y  axla  -  dahydroganasa  activity  expressed  as  a  parcant  of  control;  X-axIt  -  brass  concentration  In 
ng/g  soil. 

(c)  r2  >  tha  coafflclant  of  datarmlnatlon  for  tha  baat-flt  curva. 
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TABLE  3.42.  COMPARISON  OF  EXPOSURES  OF  BRASS  FLAKE  AND  MIXED  SMOKE 
OF  BRASS/FOQ  OIL  ON  SOIL  DEHYDROGENASE  ACTIVITY 


Exposure 

Type 

Dehydrogenase  Activity  (%  of  Control)**) 

Burbank 

Clnebar 

Palouse 

Palouse+OM 

Brass  (800  pg/g)  •  5  days**) 

2.43 

8.91 

7.41 

7.79 

BR/FO  (0.9  m/s)  •  0  days 

10.81 

30.22 

82.47 

62.81 

Brass  (800  pg/g)  -  28  days**) 

i  xio-4 

0.88 

1.7  xIO4 

0.40 

BB£Qiaam/a)  •  28,  days 

6.28 

47.68 

44.32 

52.72 

(*)  Calculated  from  tha  aquation*  of  bast  fit  of  tioaa*rsiponsa  curve*  In  Tabla  3.41 . 


and  1610  pg/g  for  Burbank,  Cinabar,  Palousa,  and  Palouse+OM,  respectively.  By  420  days 
the  EcDS0  decreased  five-fold  In  Burbank  soil  and  Increased  two-fold  In  Palouse,  while  It 
stayed  rather  unchanged  In  the  other  two  soils.  The  impact  of  brass  flake  on  soil  phosphatase 
activity  Is  ranked  Burbank  >  Palouse+OM  *  Palouse  >  Clnebar.  Again,  soil  characteristics  play 
an  Important  role  In  the  potential  toxicity  of  the  brass  flake  to  soli  microorganisms,  the  lower 
CEC  In  Burbank  explaining  the  higher  Inhibition  of  phosphatase  activity  in  that  soil. 

Aerosol  Deposition  to  Soll3.  The  effect  of  BR/FO  smoke  exposure  Is  presented  In 
Figure  3.14  and  Table  3.45.  Exposure  to  the  BR/FO  smoke  at  0.9  m/s  had  no  effect  on 
Clnebar  or  Palouse+OM  soil  and  a  moderate  effect  on  Palouse,  while  Burbank  soil  declined  to 
67%  of  control  Initially  and  to  33%  after  28  days.  At  4.5  m/s,  all  four  soils  were  affeoted:  at  28 
days  Burbank  was  reduced  to  27%  of  the  control,  Clnebar  to  85%,  Palouse  to  55%,  and 
Palouse+OM  to  60%. 

Based  on  the  estimated  concentration  of  800  pg/g  brass  In  the  BR/FO  mixed  smoke  for 
the  0.9  m/s  exposure,  the  anticipated  brass  effect  at  800  pg/g  can  be  calculated  from  the 
equation  of  best  fit  of  the  dose-response  curve  for  soil  phosphatase  activity  (Table  3.44).  The 
calculated  effect  is  presented  In  Table  3.46.  These  results  Indicate  that  the  impact  on  soil 
phosphatase  activity  by  the  mixed-smoke  exposure  of  BR/FO  is  less  than  that  of  brass  alone, 
suggesting  a  beneficial  synergistic  effect  of  fug  oil  In  the  BR/FO  mixed-smoke  exposure. 
Because  earlier  studies  with  fog-oil  exposure  did  not  Include  Its  effect  on  soil  phosphatase 
activity,  corroboration  of  synergism  is  limited. 
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FIGURE?  3.12.  THE  EFFECT  OF  BRASS-FLAKE  CONCENTRATION  ON  SOIL 
PHOSPHATASE  ACTIVITY 


3.77 


TABLE  3.43.  THE  EFFECT  OF  BRASS  FLAKE  CONCENTRATION  ON  SOIL 
PHOSPHATASE  ACTIVITY 


Brass  Flaks 

Phosphatase  Activity  (%  of  Control)*** 

Concentration  (M-g/g) 

Burbank 

Cinebar 

Palouse 

Palouse+OM 

Incubation  Tlm6  4dav9 

0 

100.00  (18.05) 

100.00  (15.42) 

100.00  (5.72) 

100.00  (0.14) 

25 

80.52  (11.52) 

05.38  (14.84) 

107,36  (4.71) 

01.73  (10.41) 

100 

73.40  (0.58)* 1 

!b*  02.00  (12.80) 

02.20  (10.00) 

68.20  (8.65) 

500 

46.85  (6.12)* 

86.04  (0.00) 

62.33  (10.57)* 

84.64  (5.04)* 

2500 

14.60  (2.12)* 

41.24  (7.00)* 

35.11  (1.40)* 

33.81  (4.20)* 

Incubation  Time  28  days. 

0 

100.00  (8.15) 

100.00  (8.28) 

100.00  (8.21) 

100.00  (4.08) 

25 

70.08  (4.64)* 

03.02  (5.61) 

100.78  (5.08) 

00.72  (8.00) 

100 

53.35  (4.03)* 

05.06  (7.42) 

102.02  (6.08) 

85.23  (4.78)* 

600 

31.45  (1.04)* 

77.47  (8.15)* 

76.81  (10.00)* 

78.06  (4.05)* 

2500 

14.00  (2.03)* 

44.80  (3.71)* 

24.63  (2.01)* 

42.00  (2.50)* 

Incubation  Time  15Q  days 

0 

100.00  (8.14) 

100.00  (2.64) 

100.00  (2.73) 

100.00  (0.91) 

25 

70.73  (4.25)* 

110.26  (12.11;* 

117.08  (11.70) 

00.37  (6.15)* 

100 

53.51  (3.23)* 

113.86  (6.00)* 

112.85  (6.00)* 

81.87  (2.56)* 

500 

44.58  (3.04)* 

114.10  (13.11) 

111.36  (12.57) 

65.31  (1.44)* 

2500 

47.60  (3.30)* 

14.06  (0.40)* 

15.26  (0.54)* 

22.16  (1.46)* 

incubation  Tims  270  days 

0 

100.00  (7.22) 

100.00  (0.04) 

100.00  (13.77) 

100.00  (0.93) 

25 

61.20  (4.03)* 

108.87  (8.30) 

101.24  (10.75) 

104.11  (5.52) 

100 

42.30  (2.77)* 

07.13  (13.32) 

66.63  (0.80) 

04.73  (4.78)* 

500 

25.02  (1.66)* 

101.63  (8.81) 

105,33  (10.42) 

90.12  (3.93)* 

2500 

13.43  (0.77)* 

35.87  (3.18)* 

20.53  (2.02)* 

21.08  (0.70)* 

Incubation  Tims  420  days 

0 

100.00  (12.41) 

100.00  (7.53) 

100,00  (7.06) 

100.00  (15.54) 

25 

70,40  (6.70)* 

60.54  (5.65) 

06.72  (7.20) 

106.26  (13.62) 

100 

66.41  (6.05)* 

02.65  (5.63) 

03.10  (8.47) 

82.31  (0.78) 

500 

36.23  (3.44)* 

80.24  (6.13)* 

74.75  (4.00)* 

75.74  (10.57)* 

2600 

17.01  (1.73)* 

40.30  (5.00)* 

7.16  (1.11)* 

25.16  (3.80)* 

Mean  (standard  deviation),  n-3, 

'Danataa  significant  dlffaranca  from  control  basad  on  t*\«st,  p  s  0.05. 
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TABLE  3.44.  EQUATION  FOR  THE  BEST  FIT  FROM  THE  DOSE-RESPONSE  CURVE 
FOR  SOIL  PHOSPHATASE  ACTIVITY  AS  AFFECTED  BY  BRASS<*><bKc> 


Incubation  Tima  5  dava 
Burbank  Soil 
Clnobar  Soli 
Palouaa  Soil 
Palouaa  Soil  +  OM 


Y  -  78.847  *  1 0A(-2.9887E-4  *  X) 
Y-  95.981  -  2.1 822E-2  *  X 
Y-  283,87  *X*-0.25548 
Y-  00.502  *10A(-1.8563E-4*X) 


Incubation  Tima  28  dava 
Burbank  Soil 
Clnabar  Soil 
Palouaa  Soil 
Palouaa  Soil  +  OM 

Incutatlfln  Ilmii&Ldixi. 
Burbank  Soil 
Clnobar  Soil 
Palouaa  Soil 
Palouaa  Soil  +  OM 

Incubation  Tima  270  dava 
Burbank  Soil 
Clnabar  Soil 
Palouaa  Soil 
Palouaa  Soil  +  OM 

Incubation  Jlmtiamxi 
Burbank  Soil 
Clnabar  Soli 
Palouaa  Soil 
Palouaa  Soil  +  OM 


Y-  282.84*  XA-0.37235 

Y  ■  94.078  *  1 0A{-1 .3056E-4  *  X) 
Y -104.7*  10A(-2.5183E-4*X) 

Y  -  93.421  *  10A(-1.394fle-4  *  X) 


Y  -  85.777  *  XA-8.7279E-2 

Y  «  124.02  •  4.2805E-2  *  X 

Y  ■  121.87  ■  4.1903E-2  *  X 

Y  ■  88.148  *10A(-2.4057E-4  *  X) 


Y  ■  188.62  *  XA-0,33012 

Y  .  108.04  -  2.8388E-2  *  X 
Y- 107.61  •  3.0302E-2  *  X 
V-  102.93 -3, 254 IE-2*  X 


Y.  235.67  *XA-0.31 902 

Y  -94.967-  2. 1484E-2  *  X 
Y -95.86- 3.571 9E  2*  X 

Y  -  97,608  *  lC*v-2.3553E-4  *  X) 


w  Doaa-raaponaa  curve  conatructad  from  data  In  Tabla  6. 

Y  axla  -  phoaphataaa  activity  axpraaaad  u  a  paroant  ol  control;  X-axia 
r2  « tha  coefficient  of  determination  for  the  beat-fit  curve. 


r2 . 0.973 
r2  -  0.999 
r2  -  0.972 
r2  -  0.988 


r2  -  0.982 
r2  -  0.990 
r2  -  0.998 
r2  -  0.978 


r2  -  0.727 
r2  -  0.978 
r2  -  0.979 
r 2  -  0.908 


r2  -  0.994 
r2  -  0.962 
r2  -  0.943 
i 2  «  0.931 


r2  -  0.922 
r2  -  0.979 
r 2  -  0.997 
r2  -  0.981 


braaa  concentration  In  iig/g  aoll. 
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TABLE  3.45.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
PHOSPHATASE  ACTIVITY 


Expoiura  Poit-Exposur* 
Condition  Tima  (days) 

PhoaphatMa  Activity  (%  of  Control)(a) 

Burbank 

Clnabar 

Palouaa 

Palouta+OM 

unaxpoaad 

0 

100.50  (11.51) 

100.00  (7.01) 

100.00  (5.28) 

100.00  (5.79) 

0.9  m/a  BR/FO 

0 

67.38  (7.55)*<b> 

92.36  (9.51) 

93.25  (5.24)* 

97.54  (7.28) 

4.5  m/a  BR/FO 

0 

25.47  (6.57)* 

69.34  (5.86)* 

64.74  (3.83)* 

89.22  (4.10)* 

unaxpoaad 

28 

100.00  (0.41) 

100.00  (7.76) 

100.00  (5.59) 

100.00  (6.12) 

0.9  m/a  BR/FO 

28 

33.06  (1.19)* 

100.87  (7.24) 

82.13  (5.08)* 

99.66  (5.69) 

4.5  m/a  BR/FO 

28 

26.50  (5.36)* 

84.65  (5.15)* 

54.73  (3.24)* 

59.82  (4.42)* 

(a)  Main  (standard  deviation),  n-3. 

‘Danutas  significant  difference  from  control  based  on  t-teat,  p  i  0.05. 


3.6.3  Soil  ATP  -  Soil  Microbial  Biomass 

Measuring  soil  microbial  biomass  levels  after  the  addition  of  a  compound  can  Indicate 
how  well  the  soil  microbial  population  will  survive.  Changes  In  soil  microbial  biomass  can 
influence  nutrient  cycling,  decomposition  processes,  and  other  important  biotic  functions,  which 
contribute  to  a  stable  ecosystem.  Extracting  and  in  measuring  ATP  from  the  soil  microbial 
biomass  Is  an  easy  method  to  measure  the  soil  microbial  biomass. 

Pot  Amendments.  Soil  microbial  biomass,  as  represented  by  the  soil  ATP  level, 
decreased  at  7  days  to  approximately  30%  of  control  in  Burbank  soil  at  500  and  2500  pg/g 
brass  (Table  3.47  and  Figure  3.15).  In  the  three  other  soils,  only  the  largest  brass  amendment 
(2500  pg/g)  caused  ATP  levels  to  drop,  in  Clnebar  soil  to  approximately  50%  and  In  Palouse 
soil  or  Palouse+OM  to  approximately  35%.  At  an  Incubation  time  of  7  days,  the  ECD50  values 
were  375, 1468, 3166,  and  2442  pg/g  for  Burbank,  Clnebar,  Palouse,  and  Palouse+OM, 
respectively  (Figure  3.16  and  Table  3.39).  After  420  days  the  EcDgQ  decreased  to  304, 1451 , 
and  1 335  pg/g  In  Burbank,  Palouse,  and  Palouse+OM,  respectively,  while  in  Clnebar  the 
ECD50  increased  to  2515  pg/g.  The  impact  of  brass  flake  on  soli  ATP  level  thus  Is  ranked 
Burbank  >  Palouse+OM  z  Palouse  >  Clnebar.  This  ranking  in  general  is  the  same  as  for  the 
dehydrogenase  and  phosphatase  activities.  Once  more,  the  lower  CEC  in  Burbank  soil 
explains  the  lower  levels  of  ATP,  or  soli  microbial  biomass,  In  Burbank  soil. 
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FIGURE  3.14.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
PHOSPHATASE  ACTIVITY 
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TABLE  3.46.  COMPARISON  OF  EXPOSURES  OF  BRASS  FLAKE  AND  MIXED  SMOKE 
OF  BRASS/FOG  OIL  OF  ON  SOIL  PHOSPHATASE  ACTIVITY 


Exposure 

iyp* 

Phosphatase  Activity  (%  ot  Control)!*) 

Burbank 

Clnebar 

Palouse 

Palouse+OM 

Brass  (S00  pg/g)  •  4  days!*) 

45.48 

78.50 

47,83 

70.68 

BR/FO  (O.fl  m/s)  -  0  days 

67.36 

93.26 

93.25 

97.54 

Brass  (800  |xg/g)  -  28  days!*) 

23.45 

73,97 

65.64 

72.26 

BR/FO  (0.9  m/s)  -  28  days 

33.06 

100,87 

82.13 

99.66 

(*)  Calculated  from  tha  aquations  of  baat  fit  of  doaa-raaponse  curvet  In  Table  3.43. 


Aerosol  Deposition  to  Soils.  Exposure  to  the  BR/FO  mixed  smoke  at  0.9  m/s  or  4.5  m/s 
had  no  effect  on  Clnebar,  Palouse,  or  Palouse+OM  soli  ATP  levels  Immediately  after  exposure 
or  28  days  later  (Figure  3.17  and  Table  3.48).  Initially,  Burbank  soil  was  not  affected  by  the  0.9 
m/s  BR/FO  exposure,  but  the  ATP  levels  declined  to  54%  of  control  after  28  days.  When 
exposed  to  BR/FO  smoke  at  the  higher  wind  speed  of  4.5  m/s,  ATP  level  In  Burbank  soil 
decreased  to  44%  Immediately  and  continued  to  decline  to  12%  after  28  days. 

Based  on  the  estimated  concentration  of  800  iig/g  brass  In  the  BR/FO  mixed  smoke 
exposure  for  the  0.9  m/s  wind  speed,  the  anticipated  brass-only  effect  at  800  jig/g  can  be 
calculated  from  the  equation  of  best  fit  for  the  dose-response  curve  for  soil  ATP  level 
(T able  3.49).  The  calculated  effect  Is  presented  In  Table  3.50.  These  results  Indicate  that  the 
Impact  of  BR/FO  on  soil  ATP  levels  Is  less  than  that  of  brass  alone,  suggesting  a  beneficial 
synergistic  effect  of  fog  oil  In  the  BR/FO  mixed  smoke.  However,  no  soli  ATP  data  was 
available  for  the  fog  oil  alone,  thus  corroboration  of  synergism  Is  limited. 


TABLE  3.47.  THE  EFFECT  OF  BRASS  FLAKE  CONCENTRATION  ON  ATP  -  SOIL 
MICROBIAL  BIOMASS 

ATP  Level  (%  of  Control) 

Brass  Flake  ... 

Concentration  (fxg/g)  Burbank  Clnebar  Palouse  Palouse+OM 


Incubation  Tima  7  days 


0 

100.00 

(7.58) 

100.00 

(10.02) 

100.00 

(5.86) 

100.00 

(0.79) 

25 

90.05 

(7.00) 

72.28 

(7.07)*(6) 

95.15 

(4.01) 

101.88 

(1.03) 

100 

109.29 

(8.54) 

68.01 

(10.94)* 

92.54 

(8.24) 

100.46 

(3.99) 

500 

37.27 

(2.96)* 

62.90 

(8.37)* 

83.31 

(4.86)* 

90.50 

(6.70) 

2500 

29.19 

(1.76)* 

39.08 

(4.48)* 

57.36 

(4.09)* 

49.02 

(2.48)* 

Incubation  Time  2B  davs 

0 

100.00 

(12.61) 

100,00 

(8.35) 

100,00 

(5.14) 

100.00 

(4.04) 

25 

119.25 

(13.72) 

105.76 

(7.43) 

100.04 

(4.01) 

93.57 

(13.88) 

100 

82.57 

(10.01) 

111.01 

(6.73) 

105.01 

(8.72) 

99.74 

(11.53) 

500 

16.69 

(1.87)* 

91,32 

(8.05)* 

110.83 

(4.88) 

107.64 

(36.08) 

2500 

7.00 

(1.37)' 

39,50 

(2.52)* 

38.27 

(4.25)* 

55.46 

(5.05)* 

Incubation  Time 

I5.a.days 

0 

100.00 

(0.70) 

100,00 

(14.90) 

100.00 

(8.72) 

100.00 

(4.99) 

25 

108.82 

(7.56) 

93.07 

(9.82) 

81.34 

(5.11)' 

88.02 

(5.741 

100 

85.44 

(1.91)* 

90.38 

(11.15) 

88.61 

(5.75)* 

90.56 

(3.26) 

500 

49.81 

(1.02)* 

84.78 

(9.48) 

90.04 

(5.74)* 

88.71 

(3.88)* 

2500 

54.82 

(0.53)* 

71.89 

(8.44)* 

20.26 

(1.36)* 

34.37 

(1.3D* 

Incubation  Time  27Q  days 

0 

100.00 

(11.53) 

100.00 

(2.58) 

100.00 

(4.58) 

100.00 

(1.48) 

25 

69.86 

(5.78)* 

98.78 

(3.97) 

61.94 

(2.60)* 

83.05 

(1.75)* 

100 

65.52 

(6.07)* 

98.38 

(4.94)* 

67.29 

(8.63)* 

83.56 

(0.93)* 

500 

41.49 

(3.75)* 

89.72 

(5.98)* 

55.15 

(2.29)* 

78.91 

(3.20)" 

2500 

38.18 

(3.15)* 

49.32 

(2.09)* 

16.99 

(0.85)* 

25.36 

(1.00)* 

Incubation  Time  420  davs 

0 

100.00 

(15,47) 

100.00 

(4.71) 

100.00 

(3.10) 

100.00 

(8.96) 

25 

105.07 

(15.44) 

107.72 

(9.16) 

100.04 

(3.68) 

85.14 

(7.51)* 

100 

81.82 

(11.78) 

121.76 

(19.23) 

62.58 

(2.58)* 

90.16 

(9.52)* 

500 

15.36 

(4.83)" 

118.35 

(8.31) 

79.34 

(12.84)* 

87.07 

(5.80)* 

2500 

29.25 

(6.54)' 

49.83 

(5.59)" 

18.55 

(2.98)* 

10.06 

(1.52)* 

(*)  Mean  (itandard  davlatlon),  n-3. 

:a<l  "Denotes  significant  dlffarance  from  control  based  on  t-tast,  p  i  0.05. 
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TABLE  3.48.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  ATP  - 
SOIL  MICROBIAL  BIOMASS 

ATP  Livil  (%  of  Control)^) 


Exposure  Post-Exposure 


Condition  Tim*  (days) 

Burbank 

Clnabir 

Piloun 

Pak>uaa+OM 

unaxpoaad 

0 

100.00  (15.27) 

100.00 

(11.84) 

100.00  (3.19) 

100.00 

(7.78) 

0.9  m/a  BR/FO 

0 

105.97  (11.75) 

104.10 

(9.09) 

107.19  (8.85) 

114.97 

(13.78) 

4.5  m/a  BR/FO 

0 

43.78  (8.45)*<b> 

107,97 

(9.45) 

92.04  (4.23)* 

101.91 

(6.99) 

unaxpoaad 

28 

100.00  (14.51) 

100.00 

(6.93) 

100.00  (2.44) 

100.00 

(12.83) 

0.9  m/a  BR/FO 

28 

53.93  (7,82)* 

98.44 

(14.85) 

118.41  (10.21) 

93.59 

(12.28) 

4.5  m/a  BR/FO 

28 

11.31  (3.99)* 

97,01 

(14.72) 

102,20  (7.10) 

106.79 

(18.98) 

(*)  Mssn  (standard  dsvlatbn),  n-3. 

W  'Dsnotss  significant  dlffsrencs  from  oontrol  baud  on  t-tsat,  p  i  0.06. 

3.6.4  Total  Soil  Hetarotrophlo  Bacteria 

Aerosol  Deposition  to  Soil.  The  effect  of  brass  flake  amendment  or  BR/FO  smoke 
exposure  to  the  total  soil  heterotrophlc  bacteria  was  moderate,  and  In  most  oases,  not 
significant  (Figures  3.18  and  3.19;  Tables  3.51  and  3.52).  Concentration  effects  demonstrated 
In  the  two  soil-enzyme  assays  and  the  soil  ATP  levels  dlsoussed  above,  were  not  seen  here. 
The  assay  of  total  number  of  organisms  able  to  grow  out  of  a  soil  apparently  la  not  able  to 
detect  the  ecological  effects  of  brass-flake  exposure. 

3.6.5  Soli  Microbial  Diversity  Index 


Microbial  diversity  may  be  a  useful  parameter  for  assessing  the  effects  of  stress  on  the 
soli  microbial  community  (Atlas  1984b).  The  stability  of  the  microbial  community  requires  a 
certain  amount  of  diversity,  while  the  addition  of  stress  or  Insult  may  Influence  ecosystem 
structure  and  function.  The  two  main  measures  of  species  diversity  are  the  total  number  of 
different  species  In  the  community  and  the  number  within  each  species.  One  can  determine 
whether  an  Insult  or  stress  has  changed  the  total  number  of  species,  the  dominant  species,  or 
even  selected  for  new  populations  to  develop.  A  widely  used  measure  of  species  diversity  Is 
the  Shannon-Weaver  Index  of  species  diversity,  which  is  a  general  diversity  Index  sensitive 
both  to  species  richness  and  relative  species  abundance.  We  chose  this  Index  of  species 
diversity  to  measure  tfte  soil  microbial  species  diversity. 
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TABLE  3.49.  EQUATION  FOR  THE  BEST  FIT  FROM  THE  DOSE-RESPONSE  CURVE 
FOR  SOIL  ATP  -  SOIL  MICROBIAL  BIOMASS  AS  AFFECTED  BY 
BRASS(a>(b><°) 


Jncuhaflan  Tims  7  days 


Burbank  Soil 

Y  -  283.00  *  XA-0. 29252 

r2  -  0.808 

Clnebar  Soil 

Y.  71.114*  1 0A(-1 .042E-4  *  X) 

r2  -  0.996 

Palouse  Soil 

Y. 94.155  *10A(-8.6828  E-5*X) 

r2  -  0.995 

Palouse  Soil  -i-  OM 

Y- 103.64*  10A(-1.2962E-4*X) 

r2  •  0.999 

Incubation  Tima  28  days 

Burbank  Soil 

Y  .  1200.1  *XA-0.65872 

r2  -  0.963 

Clnebar  Soil 

Y  ■  1 1 1 .47  *10A(-1 .7978E-4  *  X) 

r2  -  0.995 

Palouse  Soli 

Y  ■  113.53  *  10A(-1.8286E-4  *  X) 

r2  -  0.934 

Palousa  Soil  -i-  OM 

Y  ■  104.32  *  1 0A(-1 .0479E-4  *  X) 

r2  -  0.872 

Incubation  Tima  1 BQ  daya. 

Burbank  Soil 

Y-  173.07  *XA-0. 16391 

r2-  0.813 

Clnebar  Soil 

Y  ■  91 .208  •  7.91 79E-3  *  X 

r2-  0.960 

Palouse  Soil 

Y«  96.884  *10A(-2.8425E-4*X) 

r2  -  0.949 

Palouse  Soil  +  OM 

Y  -  92.88  •  2.2996E-2  *  X 

r2  -  0.978 

Incubation  Time  27Q  days. 

Burbank  Soil 

Y  -  110.36  *XA-0. 14775 

r2  -  0.906 

Clnebar  Soil 

Y  -  99.031  -1.9822E-2*X 

r2  -  0.997 

Palouse  Soil 

Y  -  88.423  *  10A(-2.3979E-4  *  X) 

r2  -  0.990 

Palouse  Soil  +  OM 

Y  -88.60-  2.41 66E-2*X 

r2  -  0.988 

Incubation  Tima.  420  .daxa. 

Burbank  Soil 

Y-  105.19- 0.18134  *X 

r2  -  0.989 

Clnebar  Soil 

Y-  129.07  -3. 1443E-2*X 

r2  -  0.987 

Palouse  Soil 

Y-  93.616  -3.0066E-2*X 

r2  -  0.969 

Palouse  Soil  +  OM 

Y  -  93.644  -  3.269E-2  *  X 

r2  -  0.965 

(■)  Doss-rssponsa  curvs  constructed  from  data  In  Tabla  1 0. 

■s>)  V  axis  -  ATP  (aval  sxprasaad  as  a  psrcsnt  of  control:  X  axis  -  brass  concantratlon  In  pg/g  soli. 
1°)  r2  -  ths  coefficient  of  detsrmlnatlon  for  tha  boat-fit  curvs. 
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TABLE  3.50.  COMPARISON  OF  EXPOSURES  OF  BRASS  FLAKES  AND  A  MIXED  SMOKE 
OF  BRASS/FOG  OIL  ON  ATP  -  SOIL  MICROBIAL  BIOMASS 


Exposure 

ATP  Level  (%  of  Control)^) 

Type 

Burbank 

Clnebar 

Palouse 

Palouse+OM 

Brass  (800  pg/g)  -  7  days<*> 

40.04 

58.6B 

80.02 

B1.44 

BR/FO  (0.9  m/s)  -  0  days 

10S.97 

104.10 

107.19 

114.97 

Brass  (800  pg/g)  •  28  days**) 

14.88 

80.04 

81.08 

B8.01 

BR/FO  (0.9  m/s)  -  28  days 

53.93 

68.44 

102.20 

93.59 

Calculated  from  tha  aquation*  of  bait  fit  of  doaa-raaponaa  curvoa  In  Tabla  12. 


The  affect  of  brasa-flake  amendment  on  soil  microbial  diversity  (Figure  3.20  and 
Table  3.53)  appeared  to  be  slight.  At  100  pg/g  brass,  a  small  enhancement  was  observed  for 
Clnebar  and  Palouse+OM  between  23  and  270  days  of  Incubation.  At  2500  pg/g  brass. 
Inhibition  was  noted  in  Burbank,  Clnebar,  and  Palouse  soil  at  420  days. 

Microbial  diversity  in  soil  exposed  to  BR/FO  mixed  smoke  was  not  significantly  impacted 
(Figure  3.21 ).  Microbial  diversity  was  not  impacted  by  the  mixed  smoke  of  BR/FO  (PS0.05). 

3.6.6  SfllLNltrlfylng  Bactaria 

Nitrogen  Is  the  nutrient  most  limiting  In  agricultural  (Stevenson  1982)  and  arid  land 
ecosystems  (West  and  Skujlns,  1978)  for  both  plant  and  suit  microbial  growth  and  function. 

The  conversion  of  organic  nitrogen  to  available  Inorganic  forms  Involves  two  distinct 
microbiological  processes:  jrnmonlficatlon.  which  converts  organic  nitrogen  to  ammonia,  and 
nitrification,  which  transforms  ammonia  to  nitrate.  Nitrification  in  soil  is  mediated  by  the  soil 
nitrifying  bacteria.  The  Nitrosomonas  sp.  type  microorganisms  are  responsible  for  the 
conversion  of  ammcnla  to  nitrite  and  the  Nltrobacter  sp.  type  microorganisms  are  responsible 
for  the  further  oxidization  of  nitrite  to  nitrate,  a  soluble  and  mobile  form  of  nitrogen  In  soil 
utilizable  by  plants  and  by  other  microorganisms. 
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TABLE  3.51.  THE  EFFECT  OF  BRASS  FLAKE  CONCENTRATION  ON  THE 
POPULATION  OF  TOTAL  SOIL  HETEROTROPHIC  BACTERIA 


Brass-Flake 

Total  Soil  Heterotrophlc  Bacteria,  log(CFU/g  dry  soil)<*> 

Concentration  (txg/g) 

Burbank 

Clnebar 

Palouse 

Palouse+OM 

incubation  Tima  2  days 

0 

6.68  (0.07) 

6.97  (0.21) 

7.09  (0.12) 

7.81  (0.02)* 

25 

6.75  (0.08) 

7.18  (0.08) 

7.23  (0.00) 

7.74(0.02)* 

100 

6.64  (0.08) 

6.62(0.11) 

7.39  (0,06)*  <b) 

7.71  (0.05)* 

500 

6.44  (0.07)* 

7.00  (0.35) 

6.71  (0.25) 

7.70  (0.03)* 

2500 

6.43  (0.32) 

8,07  (0.07)* 

7.01  (0.08) 

7,48  (0.07)* 

Incubation  Time.  28  days. 

0 

6.56  (0.07) 

7.57  (0,28) 

8.64(0.14) 

7,46(0.10) 

25 

6.59  (0.10) 

7.66  (1.08) 

6.74  (0.08) 

7,51  (0.03) 

100 

6.87  (0.06) 

7.53  (0.09) 

6.71  (0.05) 

7,33(0.13) 

500 

6,48  (0.02) 

7.61  (0.22) 

6.65  (0.14) 

7.52  (0.28) 

2500 

6.53  (0.11) 

7,50  (0.04) 

6.55  (0.24) 

7.74(0.14) 

.Incubation  Tims  150  daya 

0 

6.60  (0.03) 

7.82  (0.04) 

7.53  (0.08) 

7.78  (0.04) 

25 

6.41  (0.00) 

8.30  (0.33) 

7.49  (0.03) 

7,62  (0.14) 

100 

8.86  (0,03)* 

7.88  (0.11) 

7.61  (0.03) 

7.55  (0.06)* 

500 

7.18(0.08)* 

8.01  (0.08)* 

7.81  (0.03) 

7,70  (0.03)* 

2600 

7.09  (0.03)* 

8.20  (0.00)* 

8.18(0.08)* 

7.88  (0.05)* 

Incubation  Time  270  daya 

0 

8.47  (0.22) 

7.40  (0.08) 

7.29  (0.07) 

7.53  (0.03) 

25 

7.76  (0.07)* 

7.09  (0.05)* 

7.01  (0.08)* 

7.43  (0.06) 

100 

8.88  (0.06) 

7.48  (0.03) 

7.35  (0.04) 

7.43  (0.00) 

500 

8.72  (0.09) 

7.74(0.12)* 

7.42  (0,05) 

7.51  (0.03) 

2500 

8.28  (0,17) 

8.02  (0.04)* 

7.64  (0.18)* 

7.41  (0.12) 

0 

8.50  (0.09) 

7.33  (0.08) 

7.34(0.15) 

7.01  (0.04) 

26 

6.50  (0.07) 

7.42  (0.15) 

7.23  (0.17) 

6.96  (0.03) 

100 

8.41  (0.07) 

8.98  (0.13) 

7.28  (0.06) 

6.76  (0.14) 

500 

5.89  (0.11)* 

6.86  (0.26) 

7.31  (0.02) 

7.13(0.03) 

3500 

8.27  (0.19) 

7.B8  (0.08)* 

7,35  (0.10) 

7.12(0.10) 

Log(colany-forming-unit  per  gram  dry  toll),  expraaaad  as  mean  (standard  deviation),  n  -  3. 
'a'  'Denote*  significant  difference  from  control  basad  on  t-tast,  p  i  0.05, 
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EIQUR5  3.19.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  THE 
POPULATION  OF  TOTAL  SOIL  HETEROTROPHIC  BACTERIA 
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TABLE  3.52.  THE  EFFECT  OF  BRASS-FLAKE/FOG-OIL  MIXED  SMOKE  ON  THE 
POPULATION  OF  TOTAL  SOIL  HETEROTROPHIC  BACTERIA 


Total  Heterotrophlc  Bacteria,  log(CFU/g  dry  soll)<*> 
Exposure  Poat*Expoaura  _ 


Condition  Tima  (days) 

Burbank 

Clnabar 

Palouaa 

Palouaa+OM 

unaxpoaad 

0 

6.62(0,15) 

7.18(0.07) 

6.75(0.10) 

6.96  (0.02) 

0.9  m /•  BR/FO 

0 

6.84(0.12) 

7.42  (0.08) 

8.78  (0.05) 

7.07  (0.06) 

4.6  m/a  BR/FO 

0 

6.59  (0.08) 

7.48  (0.05)’<b) 

6.68  (0.06) 

7.49  (0.03)* 

unaxpoaad 

28 

6.93  (0.20) 

7.84  (0.13) 

7.26(0.18) 

7.44  (0.30) 

0.9  m/a  BR/FO 

28 

7.43  (0.04) 

7.70  (0.15) 

7,21  (0.12) 

7.41  (0.17) 

4.5  m/a  BR/FO 

28 

7.80  (0.09) 

7.85  (0,07) 

7.44  (0.06) 

7.88  (0.06) 

(*)  Log(colony-formlng-unlt  par  gram  dry  aoll),  axpraaaad  at  maan  (standard  davlatlon),  n  ■  3. 
'a)  ’Danotaa  significant  dlffaranca  from  control  based  on  t-test,  p  s  0.05. 


Pot  Amendment.  Except  In  Cinebar  soli,  populations  of  soil  Nltrosomonas  sp. 
decreased  dramatically  2  to  28  days  after  the  addition  of  2500  pg/g  brass.  No  effect  was  found 
for  soil  amended  at  concentrations  of  25  to  500  pg/g  except  for  Burbank  soil  exposed  to  500 
pg/g  (Table  3.54).  A  recovery  and  Increase  in  the  Nltrosomonas  sp.  population  occurred  after 
a  prolonged  Incubation  time  of  420  days  (Figure  3.22). 

Numbers  of  soil  Nltrobacter  sp.  declined  when  exposed  to  brass  flake  at  2500  pg/g  and 
Incubated  for  2  to  28  days  (Figure  3.24  and  Table  3.56).  However,  as  In  the  case  with 
Nltrosomonas  sp.,  the  population  was  able  to  recover  over  time. 

Aerosol  Deposition  to  Soil.  The  population  of  soil  Nltrosomonas  sp.  was  not  affected  by 
the  BR/FO  exposure  at  0.9  m/s,  but  it  was  Inhibited  by  the  4.5  m/s  exposure  In  Burbank  and 
Cinebar  soil  immediately  after  exposure  (Figure  3.23  and  Table  3.54).  The  population  was 
able  to  recover  to  the  level  of  the  unexposed  soil  after  28  days. 


Soil  populations  of  Nltrobactersp.  were  not  affected  by  the  BR/FO  smoke  exposure  at 
0.9  m/s,  but  were  initially  inhibited  by  the  4.5  m/s  exposure  in  Burbank  and  Cinebar  soils.  After 
28  days,  these  soils  recovered  to  the  control  levels,  while  the  Palouse  soil  had  a  significant 
decrease  at  this  time  (Figure  3.25  and  Table  3.57). 
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TABLE  3.53.  THE  EFFECT  OF  BRASS  FLAKE  CONCENTRATION  ON  SOIL 
MICROBIAL  SPECIES  DIVERSITY 


Brass  Flake 

Shannon-Weaver  Index  of  Diversity^ 

Concentration  (jig/g) 

Burbank  Cinebar  Palouse  Palouse+OM 

incuhatlQnJlme.iidays 


0 

3.06  (0.54) 

2.32  (0.00) 

2.58  (0.24) 

2.68  (0.14) 

25 

3.37  (0.30) 

2.56  (0.52) 

3.38  (0.00) 

2.81  (0.12) 

100 

3.50  (0.18) 

3.02  (0.60) 

3.00  (0.25) 

2.46  (0.21) 

500 

2.73  (0.88) 

2.17  (0.60) 

2.42  (0.11) 

2.60  (0.40) 

2500 

0.58  (0.50)* 

2.39  (0.66) 

2.87  (0.33) 

2.78(0.31) 

Incubation  Time  days 

0 

2.48  (0.53) 

2.69  (0.03) 

2.34  (0.36) 

2.29  (0.23) 

25 

2.86  (0.06) 

2.43  (0.26) 

2.98  (0.19) 

2.50  (0,27) 

100 

2,71  (0.07) 

2.28  (0.36) 

2.78(0.13) 

2.78  (0.17)* 

500 

2.84  (0.48) 

2.61  (0.05) 

2.53  (0.34) 

2.58  (0.52) 

2500 

2.30  (0.38) 

35  (0.19) 

2.80  (0.15) 

2.19  (0.12) 

Incubation  Time  ISO  dava 

0 

2,91  (0.17) 

2.92  (0.07) 

3.22  (0.19) 

2.70  (0.25) 

25 

3.26  (0.10) 

2.84  (0.15) 

3.09(0.10) 

2.73  (0.28) 

100 

3.18(0.28) 

3.22  (0.09)* 

3.11  (0.17) 

2.59  (0.11) 

500 

2.58  (0.15) 

2.70(0,17) 

3.32  (0.08) 

2.79(0.19) 

2500 

1.03(0.22)* 

2.50  (0.50) 

2.79(0.11)* 

2.76  (0.06) 

.Incubation  Uma^Zfl  days. 

0 

2.97  (0.10) 

2.83  (0.19) 

2.62  (0.17) 

2.52  (0.09) 

25 

2.95  (0.29) 

2.85  (0.20) 

2.58  (0.38) 

2.59  (0.22) 

100 

2.76  (0.12) 

2.73  (0.36) 

2.81  (0.41) 

2.87  (0.02)* 

500 

2.85  (0.19) 

2.68  (0.08) 

2.70(0.11) 

2.89  (0.12) 

2500 

1.79  (0.14)* 

1.57  (0,29)* 

2.56  (0.02) 

2.35  (0.32)* 

Incubation  Time  42Q  davs 

0 

3.69  (0.09) 

3.20  (0.17) 

3.18  (0.20) 

2.18  (0.72) 

25 

3.58  (0.07) 

3.09  (0.17) 

3.05  (0.10) 

1.83  (0.10) 

100 

3.72  (0.14) 

3.24  (0.26) 

2.83  (0.89) 

2.01  (0.54) 

500 

2.50  (0.14)* 

3.01  (0.30) 

2.60  (0.47) 

1.23  (0.39) 

2500 

2.80  (0.13)* 

2.47  (0.20)* 

2.51  (0.26)* 

2.10  (0.20) 

(a)  Mean  (standard  daviatlon),  n  -  3. 

(b)  ‘Denotes  significant  difference  from  control  based  on  t-test,  p  s  0.05. 
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TABLE  3.54.  THE  EFFECT  OF  BRASS  FLAKE  CONCENTRATION  ON  SOIL 
NITRIFYING  BACTEmA-NITROSOMONAS sp. 


Brass  Flake 

Soil  Nltrobacterap,  Population,  log(MPN/g  dry  soil)  W 

Concentration  (py/g) 

Burbank  Clnebar  Palouse  Palouse+OM 

Incubation  Tima  2  davs 


0 

2.32 

2.27 

2.79 

2.79 

25 

1.78 

2.27 

2.79 

3.33 

100 

1.78 

1.86 

3.48 

3.14 

500 

1.32"(k) 

2.05 

2.79 

3.48 

2500 

0.34' (°) 

1.52 

0.40* 

0.00' 

Incubation  Tims  28  days 

0 

2.20 

3.87 

2.79 

3.44 

25 

2.47 

3.67 

2.79 

3.48 

100 

1.92 

4.06 

3.48 

2.79 

500 

4.20' 

3.85 

2.79 

2.62 

2500 

1.43 

2.85 

0.40' 

2.94 

Incubation  Tima  1SQ  days 

0 

1.23 

3.86 

3.14 

3.21 

25 

2.78* 

3.68 

3.32 

3.21 

100 

3.47' 

3.98 

2.61 

2.93 

500 

4.13* 

4.00 

3.13 

3.21 

2500 

4.93* 

4.27 

2.99 

4.21'* 

Incubation  Tima.  2ZQ,  days 

0 

1.12 

3.06 

3.14 

2.61 

26 

3.58' 

3.28 

2.61 

2.99 

100 

3.74' 

3.06 

3.00 

3.00 

500 

3.43* 

3.21 

2.78 

2.99 

2500 

2.42* 

3.85 

4,21' 

3.79' 

Incubation  Time  42Q  days 

0 

1.59 

3.00 

2,79 

2.61 

25 

2.45 

3.21 

3.00 

2.14 

100 

3,47* 

3.21 

2.48 

2.33 

500 

3.12‘ 

3.07 

2.61 

2.33 

2500 

2.99 

4.06 

2.70 

3.99* 

Log  (moat-probable-number  papulation  par  gram  dry  toll),  95%  confldanca  laval  for  tha  MPN  anumaratlon 
with  5-replicata,  10-fold  dilution  method  li  ±  0,52. 

''Denotea  ilgnHIcant  dlffaranca  from  control  baaad  on  t-taat,  p  s  0,10. 

‘Danotaa  significant  dlffaranca  from  oontrol  baaad  on  t-test,  p  &  0.05. 
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FIGURE  3.23.  THE  EFFECT  OF  BRASS  FLAKE  CONCENTRATION  ON  SOIL 
NITRIFYING  BACTER\A-NITROBACTER  SPECIES 
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FIGURE  3,24.  the  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
NITRIFYING  BACTERIA-N/TflOSOMO/VASSPECIES 
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TABLE  3.55.  THE  EFFECT  OF  BRASS  FLAKE  CONCENTRATION  ON  SOIL 
NITRIFYING  BACTERIA -NITROBACTER  sp. 


Brass  Flake  _ 

Soil  Nltrobactdrsp,  Population,  log  (MPN/g  dry  soll)<*> 

Concentration  (ng/g) 

Burbank 

Cinebar 

Palouse 

Palouse+OM 

Incubation  Tima;  2  days 

0 

2.47 

1.52 

1.62 

2.48 

25 

2.99 

1.51 

1.62 

2.21 

100 

2.47 

1.68 

2.48 

2.48 

500 

1.99 

1.52 

1.46 

1.62 

2500 

0.00*  <b> 

0.00* 

0.70“(c> 

0.00* 

Incubation  Tima;  28  days 

0 

2.69 

2.67 

1,62 

2.00 

25 

2.47 

2.19 

1.62 

2.00 

100 

2.47 

3,06 

1,62 

2.48 

500 

3.20 

3.87** 

1.46 

1.79 

2500 

0.74* 

3.87** 

0,40* 

1.07** 

Incubation  Time:.  150  dava 

0 

2.46 

4.29 

2.46 

2.47 

25 

3.47 

3.86 

2,47 

2.61 

100 

3.20 

3.99 

2,47 

2.47 

500 

4.78* 

4.07 

1.99 

2.21 

2500 

5.20* 

5.05 

3.06 

3.99* 

Incubation  Time:  270  dava 

0 

3.19 

3.52 

2.21 

2.78 

25 

4.45* 

3.2B 

2.61 

2.69 

100 

3.91 

3.86 

3.00 

2.79 

500 

4.31" 

3.68 

2.78 

2.79 

2500 

4.31“ 

4.88** 

3.13“ 

2.79 

Incubation  Time:  42Q  davs 

0 

2.59 

3.26 

1.48 

2.24 

25 

2.22 

3.29 

1.62 

1.61 

100 

2.99 

3.55 

1.48 

1.62 

500 

5.63* 

3.86 

1.46 

1.62 

2500 

4.78* 

4.68* 

5.48* 

1.79* 

Log  (most-probablamumber  population  par  gram  dry  soil),  95%  oonfldanca  leval  for  tha  MPN  enumeration, 
with  5-rapllcata,  10-fold  dilution  mathod  la  ±  0.52. 

'Denotes  significant  diffaranca  from  control  baaad  on  t-taat,  p  $0.05. 

(c)  “Danotaa  significant  diffaranca  from  control  based  on  t-tast,  p  $  0.10. 


3,102 


TABLE  3.56.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
NITRIFYING  B  AOTER\ A- NITROSOMONAS Sp. 

Soil  Nitrobactersp.  Population,  log  (MPN/g  dry  soil)W 
Exposure  Post-Exposure  .. 


Condition  Time  (days) 

Burbank 

Cinebar 

Palouse 

Palouse+OM 

unexposed 

0 

2.46 

2.49 

2.79 

2.47 

0.9  m/s  uR/FO 

0 

2.98 

2.26 

2.62 

2.79 

4.5  m/s  BR/FO 

0 

1,51  **(b) 

1.37" 

2.48 

2.21 

unexposed 

28 

3.10 

3.53 

2.99 

2.61 

0.9  m/s  BR/FO 

28 

3.60 

3.67 

2.79 

2.79 

4.5  m/s  BR/FO 

28 

3.98 

3.58 

3.48 

2.81 

Log(moit-probabl*-numbcr  population  par  gram  dry  •oil),  95%  confldano*  laval  for  tha  MPN  anumaratlon 
with  5-raplioata,  10-fold  dilution  mathod  la  ±  0.52.  No  algnlfloant  dlffaranoa  from  control  waa  found  baaad 
on  t-taat,  p  S  0.08, 

(b)  **  Danotaa  algnificant  dlfforanca  from  control  baaad  on  t-taat,  pi  0.10. 


3.7  EFFECTS  OF  BRASS  AND  BRASS/FQG  OIL  ON  SOIL-INVERTEBRATES 

We  sought  to  determine  the  effects  of  brass  Hake  on  the  survivability  and 
vlabillty/aotlvlty  of  invertebrates.  Earthworms  (Elaenla  foetlda)  were  placed  In  coupons 
containing  artificial  soil  (70  g)  and  were  then  exposed  to  the  brass  flake  during  the  tests.  The 
results,  given  In  Table  3.58,  Indicate  only  a  slightly  deleterious  effect  on  the  populations, 
particularly  at  the  higher  wind  speeds  and  therefore  the  higher  loading  levels  (>  445  jig/cm2). 
This  Is  most  evident  at  the  10  mph  test,  where  the  animals  appeared  to  lose  some  of  their 
responsiveness  to  stimuli  (handling)  by  14  days  post-exposure.  However,  in  contrast  to 
experiments  with  some  other  smokes  (e.g.,  WP  and  HC;  Van  Vorls  et  al.  1986;  Cataldo  et  al. 
1990),  where  decided  numbers  of  deaths  occurred  during  this  period,  no  fatalities  among  the 
populations  exposed  were  noted.  In  fact,  egg  casings  and  juvenile  hatching  were  noted  in 
some  of  the  coupons. 

Exposure  of  earthworms  to  BR/FO  aerosols  (Table  3.59)  at  mass  loadings  of  200  pg 
brass/cm2  had  no  effect  on  survivability  and  only  moderately  affected  tactile  activity.  Thus 
there  is  no  Indication  that  fog  oil  ameliorates  or  Intensifies  the  effects  of  brass. 
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FIGURE  3,25.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
NITRIFYING  BACTERIA- NITROBACTER  SPECIES 
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TABLE  3.57.  THE  EFFECT  OF  BRASS  FLAKE/FOG  OIL  MIXED  SMOKE  ON  SOIL 
NITRIFYING  BACTERIA-/V/7H08AC7FR sp. 

Soil  Nltrobacterap.  Population,  log  (MPN/g  dry  soil)(‘> 
Exposure  Post-Exposure  - 


Condition  Time  (days) 

BurbanK 

Clnebar 

Palouse 

Palouse+OM 

unexposed 

0 

2.46 

1.87 

1.81 

1.61 

0.9  m/s  BR/FO 

0 

1.98 

1.51 

1.46 

1.81 

4.5  m/s  BR/FO 

0 

1.44**(b) 

0.40*(c> 

1.48 

1.48 

unexposed 

28 

3.19 

2.53 

1.99 

1  46 

0.9  m/s  BR/FO 

28 

2.98 

2.19 

2.21 

0.7S 

4.5  m/s  BR/FO 

28 

3.20 

2.04 

0.75* 

1.33 

(*)  Log  (most-probable-number  population  par  gram  dry  •oil),  65%  oonlldanca  laval  tor  tha 
MPN  anumaratlon  with  5-repllcate,  10-fold  dilution  method  ii  ±  0.52. 

{'o)  "Denotes  significant  difference  from  control  based  on  t-teat,  pi  0,10. 

’Denotes  significant  difference  from  control  based  on  t-test,  p  s  0.05. 


TABLE  3.58.  INFLUENCE  OF  SOIL-DEPOSITED  BRASS  FLAKE  ON  THE  SURVIVAL  OF 
EARTHWORMS  fElaenla  foatlda).  WORMS  WERE  PLACED  IN  ARTIFICIAL 
SOILS  (70  g),  EXPOSED  TO  BRASS  FLAKE,  AND  HELD  FOR  14  DAYS 
POST-EXPOSURE. 


Experiment 

Number 

Wind  Speed 
(m/s) 

Soil  Mast  Loading 
(pg/cm2) 

Survival 

(AveragtlSD,  n  -  3) 

Condition 

BR-13 

0.9 

73.3129.5 

10/10 

Healthy,  Active 

10/10 

Healthy,  Active 

10/10 

Healthy,  Active 

BR-12 

1.8 

107.5165.0 

10/10 

Healthy,  Active 

nW/io 

Healthy,  Active 

10/10 

Healthy,  Active 

BR-11 

2.7 

204.U39.8 

10/10 

Moderate  Activity 

10/10 

Healthy,  Active 

10/10 

Moderate  Activity 

BR-10 

4.5 

445.51189.4 

10/10 

Sluggish, Inactive 

12<*)/10 

Moderate  Activity 

10/10 

Healthy,  Active 

Eggs  laid  and  hatched. 
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TABLE  3.59.  INFLUENCE  OF  SOIL-DEPOSITED  BRASS  FLAKE/FOG  OIL  ON  THE 

SURVIVAL  OF  EARTHWORMS  (Elsenia  foettdal.  WORMS  WERE  PLACED 
IN  ARTIFICIAL  SOILS  (70  fl),  EXPOSED  TO  BRASS  FLAKE  IN  BR/FO,  AND 
HELD  FOR  14  DAYS  POST-EXPOSURE. 


Experiment 

Number 

Wind  Speed 
(m/i) 

Soil  Mass  Loading 
(pg/cm*) 

Survival 

(AverapelSD,  n  -  3) 

Condition 

BR/FO-03 

0.0 

145.46±32.88 

8/10 

Moderate  Activity 

10/10 

Healthy,  Active 

10/10 

Moderate  Activity 

BR/FO-06 

4.5 

216.361189.70 

10/10 

Moderate  Activity 

1 1 <*>/1 0 

Moderate  Activity 

1 1 <•>/! 0 

Moderate  Activity 

Eggs  laid  and  hatchsd. 


3.8  SOIL  MOBILITY  OF  BRASS  •  SOIL  COLUMN  STUDIES 

Brass  flake  was  neutron-aotlvated  to  produce  a  65Zn-tagged  brass.  This  material  then 
was  applied  to  column  surfaces  to  determine  the  mobility  of  weathered  soluble  constituents, 
using  Zn  as  the  Indicator  Ion.  Radioactive  brass  was  uniformly  mixed  with  soil  and  appllod  to 
the  upper  0.5  cm  of  the  soli  columns.  At  periodic  intervals  the  columns  were  scanned  to 
spatially  locate  both  the  radioactivity  and  any  downward  migration.  The  Indicators  of  migration 
used  Included  peak  width  (PW)  snd  peak  maximum  depth  (PMD),  as  shown  In  Table  3.60. 

The  PMD  values  for  the  8-  and  24-week  periods  (note  standard  deviations)  Indicate  that  any 
column  settling  occurred  before  8  weeks.  Between  24  and  48  weeks,  the  PMD  Increased  by 
0.06  to  0.43  cm  In  the  four  soil  treatments.  In  addition,  the  average  PW  values  Increase  by  0.7 
to  0.9  cm  over  the  40-week  Interval.  This  was  the  result  of  a  downward  migration  of  solubllzed 
Zn.  Although  there  are  slight  differences  In  migration  for  the  four  soils,  it  Is  clear  that  the  CEC 
of  these  soils  Is  effective  In  retarding  solubilized  brass  constituents.  For  Cinebar  soil  leached 
with  pH  8.5  versus  4.5  rainwater,  no  significant  differences  (P20.1)  In  migration  are  noted;  this 
likely  Indicates  that  the  added  acidity  did  not  exceed  the  buffering  capacity  of  the  soil. 
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TABLE  3.60.  MOBILITY  OF  ACTIVATED  BRASS  FLAKE  (ZINC-65)  IN  SOIL  COLUMNS 
WITH  TIME.  COLUMNS  OF  FIVE  SOIL  TYPES  WERE  SURFACE- 
AMENDED  WITH  0.5  cm  OF  ACTIVATED  BRASS  FLAKE,  WATERED 
WEEKLY  TO  SLIGHTLY  ABOVE  FIELD  CAPACITY  USING  ARTIFICIAL 
RAINWATER  OF  EITHER  pH  6.5  OR  4.5,  AND  SCANNED  AT  PERIODIC 
INTERVALS  OVER  A  48-WEEK  PERIOD.  DATA  ARE  AVERAGES  ±  SD  OF 
COLUMNS  (n  -  3)  AND  INCLUDE  PEAK  WIDTH  AND  DISTANCE  OF  PEAK 
CENTER  MOVEMENT  INTO  COLUMN  (cm). 


a  Waaka 

24  Waaka 

48  Waaka 

P*ak 

Poak  Maximum 

Peak 

Peak  Maximum 

Paak 

Paak  Maximum 

Rainwatar 

Width 

Dapth 

Width 

Dapth 

Width 

Dapth 

pH/Soil 

(om) 

(cm) 

(cm) 

(cm) 

(cm) 

(cm) 

pH  6.5 

Burbank 

2.03*0.06'*' 

0.00'*) 

2.95*0.14 

-0.29*0.24 

2.94*0.00 

0.43*0.20 

Paloua* 

2.27±0.06 

0.00 

2.99±0.20 

•0.26*0.23 

3.20*0.00 

0.06*0.13 

Palouaa/OM 

2,20±0,00 

0.00 

2.86±0,07 

•0.14*0.41 

3.07*0.00 

0.33*0.30 

Clnabar 

2,30±0,00 

0.00 

3,03±0,20 

•0.14*0.25 

3.03*0.27 

0.23*0.14 

pH  4.5 

Clnabar 

2.30±0.10 

0.00 

3.16±0,15 

-0.09*0.31 

3.11*0.15 

0.08*0.2 

Baulin*  m*aaur*m*nt  following  Initial  column  equilibration. 
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The  environmental  fate  and  effects  of  brass  were  Investigated  for  the  two  principal 
routes  of  biological  exposure,  airborne  deposition  of  brass  and  brass/fog-oil  obscurant 
mixtures  and  brass  weathering  In  soil.  Soils  were  amended  to  simulate  weathering  and 
potential  Impacts  from  deposition.  Aerosols  containing  brass  were  generated  and  charac¬ 
terized,  and  deposition  both  to  foliar  surfaces  and  to  soils  was  determined,  impacts  of 
deposited  brass  were  assessed  based  on  their  oontact  toxicity  to  vegetation.  Soil  amend¬ 
ment  studies  were  performed  to  ascertain  weathering  rates  and  to  determine  the  effects  of 
different  brass  concentrations  on  plant  growth  and  on  soil  microbial  processes,  in  addition, 
soil  columns  were  used  to  determine  whether  brass  weathering  Influenced  the  migration  of 
Cu  and  Zn  through  soli  profiles. 

4.1  AEflQSQL  CflARAGISBlZAIlfltt 

Brass  aerosol  mass  concentrations  ranged  from  132  to  177  mg/m3  during  the  brass- 
only  (BR)  wind-speed  tests,  were  approximately  90  mg/m3  during  the  brass  range-finding 
tests,  and  ranged  from  1 9  to  83  mg/m3  during  the  brass/fog  oil  (BR/FO)  wind-speed  tests. 
Particle  size  distributions  during  BR  and  BR/FO  tests  were  based  on  total  particulate  mass 
deposited  to  the  various  stages  of  Andersen  oascade  Impaotors,  Measured  distributions 
indloate  an  AMMO  for  brass  aerosols  of  approximately  5  to  6  pm.  Those  of  FO  aerosols  were 
shown  by  Cataldo  et  al.  (1989)  to  be  about  2  to  3  pm.  In  addition  to  having  different  particle 
sizes,  the  dry  brass  particles  have  surface  attraction  characteristics  different  from  the  liquid  FO 
droplets.  Thus  the  transport  and  deposition  characteristics  of  the  two  obscurant  aerosols 
were  not  expected  to  be  similar. 
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The  deposition  velocity  (Vd)  of  brass  alone  to  foliar  surfaces  increases  with  increasing 
wind  speed,  and  ranges  from  0.1  cm/s  at  0.9  m/s  (2  rnph)  to  1.0  cm/s  at  4.5  m/s  (10  mph). 
Interception  or  collection  efficiency  was  higher  for  sagebrush  than  for  the  other  plant  species. 
Values  of  Vd  are  at  least  one  to  two  orders  of  magnitude  greater  than  those  reported  for  P,  FO, 
and  HC  smokes  (Van  voris  et  al.  1987;  Cataldo  et  al.  1989, 1990a).  The  deposition  velocity  of 
brass  delivered  as  BR/FO  aerosols  rangeo  from  0,3  to  60  cm/s  for  foliar  surfaces.  This 
velocity  Is  substantially  greater  than  that  observed  for  brass  alone.  Deposition  to  bush  bean 
and  tall  fescue  foliage  Is  nearly  an  ordor  of  magnitude  less  than  that  for  sagebrush  and  pines. 
The  co-deposition  of  the  fog  oil  to  the  leaf  surface  apparently  either  prevented  resuspension 
of  the  deposited  brass  or  affected  brass  agglomeration,  Increasing  Its  effective  size  and 
deposition  rate. 


Contact  toxicity  of  brass  alone  was  not  observed  at  mass  loadings  of  up  to  700  pg/cm2, 
equivalent  to  a  field  exposure  of  100  mg  brass/m3  for  24  h.  Exposing  plants  to  aerosols 
containing  BR/FO  resulted  In  moderate  toxicity,  but  this  Is  assumed  to  be  the  result  of  the  FO, 
not  the  brass.  Brass  deposition  to  foliage  has  only  a  short-term,  minimal  effect  on  plant  gas 
exchange,  a  result,  we  believe,  of  the  shading  effect  of  foliar-deposlted  brass.  Similarly, 
reduced  dry-matter  production  In  brass-contaminated  plants  most  likely  results  from  the 
shading  effect.  No  residual  effects  of  second-harvest  biomass  production  were  noted 
following  brass  deposition,  Indicating  that  neither  Cu  nor  Zn  was  significantly  weathered  and 
foliarly  absorbed. 

4.4  BRASJ  SCilL  AMENDMENT  STUDIES 

Soils  were  uniformity  mixed  with  brass  flake  to  provide  treatments  containing  0,  25, 
100, 500,  and  2500  pg  brass/g  dry  wt  soli.  These  treatments  were  used  to  assesss 
solubilization/weathering  of  the  urass,  soil  Ionic  balance,  plant  Impacts,  and  soil  microbial 
effects. 


Soil  Chemistry 

The  pH  of  soils  decreased  with  increasing  brass  amendment  level  and  time  of 
Incube*  The  pH  of  soils  Increased  by  0.8  to  1 .0  pH  units  over  the  440-day  incubation.  The 
change  in  pH  results  either  from  a  disruption  of  hydrogen  Ion  equilibrium  ,y  solubilized 
components  of  the  brass  or  from  the  effects  of  brass  constituents  on  microbial  activity. 

Selective  extractions  were  used  to  evaluate  brass  weathering  and  to  determine  the 
fate  of  solubilized  Cu  and  Zn.  In  general,  the  amount  of  extractable  Cu  and  Zn  In  soils 
Increased  by  100  days  post-amendment  and  changed  little  by  440  days.  In  the  intervening 
period,  weathered  Cu  and  Zn  likely  became  tightly  sorbed  to  nonexchangeable  sites, 
disrupting  the  extractable  quantities  of  other  ions  in  soil.  Most  noticeably,  F  decreases  and 
ammonia  and  nitrate  concentrations  increase;  this  likely  results  from  a  disruption  on  soil 
microbial  processes. 

All  soils  show  similarly  low  exchangeable  Cu,  while  exchangeable  Zn  is  depressed  in 
Burbank  and  dramatically  increased  In  the  other  soils.  Inorganically  bound  Cu 
predominants  In  Burbank  but  is  ;ass  important  for  the  other  soil  treatments,  particularly  at 
lower  amendment  levels;  inorganically  bound  Zn  predominates  in  Burbank  and  Is  a  major 
compartment  in  Clnebar,  but  It  is  lass  important  for  Palouse.  Copper  in  the  organically  bound 
compartment  Is  increasingly  important  with  decreasing  brass  concentration,  particularly  for 
Palouse,  and  Zn  slightly  shows  a  similar  trend.  These  trends  may  reflect  limited  organic 
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ligands  In  the  soils  used.  Residual  Cu  is  greatest  for  Clnebar,  while  residual  Zn  is  greatest  for 
Burbank  and  for  the  lower  amendments  of  Palouse. 

in  general,  exchangeable  Cu  and  Zn  Increase  with  increasing  brass  amendment, 
though  the  Cu  component  remains  minor.  With  Increasing  brass,  Cu  Increases  In  the 
inorganically  bound  compartment,  but  Zn  remains  steady.  Organically  bound  and  residual 
compartments  show  decreasing  Cu  and  Zn  with  Increasing  brass  amendment.  Based  on  the 
most  severe  extraction  method  (the  hot  water  extraction),  the  highest  brass  amendment  level 
(2500  pg/g  soil),  and  100  days  Incubation,  Cu  solubilization  amounted  to  0.5,  2.0,  and  3.5% 
for  Burbank,  Palouse,  and  Clnebar  soils,  respectively;  Zn  solubilization  was  0.2, 1.5,  and 
2.7%  for  Burbank,  Palouse,  and  Clnebar  sells,  respectively.  Since  the  rates  ot  weathering 
appear  constant  between  100  and  440  days,  It  is  assumed  that  an  equilibrium  Is  established 
between  exchangeable  and  non  exchangeable  metal  pools  in  soils. 

Plant  Effects 

Seed-germination  studies  with  bush  bean,  alfalfa,  and  tall  fescue  indicate  no  effects  of 
brass  at  any  of  the  concentrations  used  or  after  up  to  450  days  of  weathering.  After  160  days 
of  Incubation,  plants  developed  visual  toxicity  symptoms,  Including  necrosis  and  chlorosis. 
Except  for  tall  fescue  grown  on  Burbank,  only  moderate  damage  was  noted  for  concentrations 
5500  pg  brass/g,  In  general,  the  toxicity  of  brass,  based  on  visual  symptomatology,  became 
more  severe  with  increasing  Incubation  or  woathering  time.  Biomass  production  in  plants 
reflected  the  soil  concentration  trends  for  visual  symptoms,  In  that  severe  dry-weight 
reductions  were  observed  at  soil  concentrations  of  >500  pg  brass/g  soil.  Plants  grown  on 
low-CEC  soil,  namely  Burbank  and  Palouse,  exhibit  effects  at  lower  soil  concentrations. 

Concentrations  of  Cu  and  Zn  In  plant  tissues  are  proportional  to  soil  brass  levels.  In 
tall  fescue,  shoot  tissue  concentrations  of  Cu  ranged  from  34  pg/g  for  Clnebar  to  500  pg/g  for 
Palouse  soil  containing  2500  ppm  brass.  In  comparison,  Zn  concentrations  ranged  from  900 
to  6000  pg/g.  In  bush  bean,  the  concentration  of  Cu  In  leaves  was  highest  for  Burbank  soli 
(50  pg/g),  while  Zn  concentrations  were  highest  in  Palouse-grown  plants  (850  pg/g). 

Analysis  of  the  nutrient-ion  concentrations  of  tail  fescue  grown  on  brass-amended  soil 
showed  that  the  elevated  soil  concentrations  of  Cu  and  Zn  caused  the  tissue  concentrations 
of  Mg  and  Mn  to  increase  by  a  factor  of  2  to  3,  levels  of  Fe  to  increase  by  a  factor  of  7  to  100, 
and  P  levels  to  decrease  by  a  factor  of  2  to  3.  This  disruption  in  ion  homeostasis  can  account 
for  the  observed  phytotoxicity  of  brass.  Similar  ion  imbalances  were  not  observed  for  bush 
bean. 
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The  degree  of  brass-flake  impact  on  soil  microbial  activities  depended  on  soil  type, 
brass  concentration,  and  the  microbial  index  studied.  Soil  with  higher  organic  matter  and 
cation  exchange  capacity  (Clnebar)  tended  to  be  less  Impacted  by  the  brass  flake  than  soil 
with  lower  organic  matter  and  CEC  (Burbank).  Organic  matter  in  soils  can  adsorb  and  bind 
heavy  metals,  the  extent  of  which  depends  on  pH.  Soil  organic  matter  also  contributes  to  the 
CEC  of  the  soil,  thereby  further  Influencing  the  bloavallabillty,  and  hence,  toxicity  of  deposited 
heavy  metals.  The  greater  the  CEC  of  the  soil,  the  greater  is  its  ability  to  adsorb  and 
immobilize  heavy  metals  and  reduce  their  toxic  effects.  The  CEC  and  organio  matter  of  the 
soils  used  in  this  study  can  be  ranked  Burbank  soil  <  Palouse  soil  s  Palouse  soli  +  OM  < 
Clnebar  soil.  Burbank  soil,  with  i*s  low  CEC  and  low  organio  matter,  was  most  Impacted  by 
the  brass-flake  exposure. 

Impacts  on  soil  microbial  activities  Increased  with  Increasing  brass  concentration. 
Concentrations  above  50C  M-g/g  severely  Inhibited  several  soil  microbial  activities,  especially 
soil  dehydrogenase  activity,  which  was  diminished  to  below  detection  limit. 

Soil  dehydrogenase  activity,  or  the  activity  of  the  soil  microbial  community,  was  more 
susceptible  to  the  toxicity  of  brass  flake  than  was  soil  phosphatase  or  soil  microbial  biomass, 
which  were  moderately  affected  by  the  brass  flake.  Soli  nitrifying  bacteria  and  total 
heterotrophic  bacteria  in  general  were  not  significantly  affected  by  the  brass  flake.  In  fact, 
these  two  indexes  were  slightly  enhanced  by  the  brass  flake.  The  microbial  diversity  Index 
was  significantly  decreased  In  Burbank  soil,  and  was  moderately  inhibited  in  Palouse  soil  at 
2500  pg/g  brass  flake.  Among  the  soil  microbial  parameters  studied,  the  impact  ranking  was 
soil  dehydrogenase  activity  >  soil  phosphatase  activity  >  soil  microbial  biomass  >  soil 
microbial  population  (total  heterotrophic  and  nitrifying  bacteria)  *  microbial  species  diversity 
index. 


The  ecological  dose  of  brass  flake  causing  50%  inhibition  (EcDS0)  in  soil  microbial 
activity  Increased  with  incubation  time,  Indicating  a  general  trend  of  recovery  as  a  function  of 
time,  and  suggesting  an  Immobilization  of  the  metals  and  a  transient  nature  of  the  brass 
effect.  Weathering  of  brass-amended  soil  substantially  Increased  organically  bound  copper 
and  zinc  (see  the  chemistry  section  of  this  report)  and  thus  may  have  contributed  to  the 
recovery  from  brass  toxicity  over  time. 

When  soil  was  exposed  to  a  mixed  smoke  of  brass  flake  and  fog  oli,  the  deleterious 
effect  was  less  intense  than  when  soil  was  exposed  to  brass  only,  suggesting  a  beneficial 
synergistic  effect  of  fog  oil. 
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Brass  flake  deposited  to  soil  has  only  a  slightly  deleterious  effect  on  the  earthworms  at 
mass-loading  levels  >  445  pg/cm2,  This  is  most  evident  In  the  4.5  m/s  test,  where  the  animals 
appeared  to  lose  some  of  their  responsiveness  to  stimuli  (handling)  by  14  days  post¬ 
exposure.  However,  In  contrast  to  previous  experiments  with  other  smokes  (e.g.,  W P  and  HC 
smokes;  [(Van  Voris  et  al.  1987;  Cataldo  et  al.  1990}],  where  decided  numbers  of  deaths 
occurred  during  this  period,  we  noted  no  fatalities  among  the  populations  exposed.  In  fact, 
egg  casings  and  juvenile  hatching  were  noted  In  some  of  the  coupons.  Exposure  of 
earthworms  to  BR/FO  aerosols  at  mass  loadings  of  200  pg  brass/cm2  had  no  effect  on 
survivability  and  only  moderately  affected  tactile  activity,  indicating  that  fog  oil  neither 
ameliorates  nor  intensifies  the  effects  of  brass. 

4.5  SOIL  COLUMNS  AND. BRASS. MOBILITY  IN  SOIL 

Brass  flake  was  neutron-activated  to  produoe  a  65Zn-tagged  brass  and  applied  to 
column  surfaces  to  determine  the  mobility  of  weathered  soluble  constituents,  using  Zn  as  the 
indicator  ion.  Analysis  of  migration,  peak  width  (PW),  and  peak  maximum  depth  (PMD) 
clearly  indicates  that  appreciable  downward  migration  of  Zn,  and  likely  Cu,  does  not  occur  to 
any  great  extent  over  the  time  used  (440  days).  Peak  maximum  depth  increased  by  0.06  to 
0.43  om  in  the  four  soli  treatments.  The  average  PW  values  Increase  from  0.7  to  0.9  cm. 
Although  slight  differences  In  migration  rates  for  the  four  soils  were  noted,  It  is  clear  that  the 
CEC  of  these  soils  effectively  retards  solubilized  brass  constituents,  For  Clnebar  soil  leached 
with  pH  6.5  versus  4.5  rainwater,  no  significant  differences  (P20.1)  are  noted  In  migration;  this 
likely  Indicates  that  the  added  acidity  did  not  exceed  the  buffering  capacity  of  the  soli. 
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